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THIS  MANUAL,  like  its  preceding  editions,  has 
been  prepared  to  assist  those  who  work  or  experiment 
with  home-entertainment-type  electron  tubes  and  cir¬ 
cuits.  It  will  be  found  valuable  by  engineers,  service 
technicians,  educators,  experimenters,  radio  amateurs, 
hobbyists,  students,  and  many  others  technically  inter¬ 
ested  in  electron  tubes. 

The  material  in  this  edition  has  been  augmented  and 
revised  to  include  the  recent  technological  advances  in 
the  electronics  field.  For  more  convenient  referencing 
of  the  latest  tube  types,  the  Technical  Data  Section 
has  been  restricted  to  coverage  of  active  RCA  types; 
basic  data  for,  replacement  and  discontinued  RCA  tubes 
are  given  in  the  MCA  Types  for  Replacement  Use  table. 
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Electrons,  Electrodes 
and  Electron  Tubes 


THE  electron  tube  is  a  marvelous 
device.  It  makes  possible  the  per¬ 
forming  of  operations,  amazing  in  con¬ 
ception,  with  a  precision  and  a  certainty 
that  are  astounding.  It  is  an  exceedingly 
sensitive  and  accurate  instrument — the 
product  of  coordinated  efforts  of  engi¬ 
neers  and  craftsmen.  Its  construction 
requires  materials  from  every  corner 
of  the  earth.  Its  use  is  world-wide.  Its 
future  possibilities,  even  in  the  light  of 
present-day  accomplishments,  are  but 
dimly  foreseen,  for  each  development 
opens  new  fields  of  design  and  appli¬ 
cation. 

The  importance  of  the  electron 
tube  lies  in  its  ability  to  control  almost 
instantly  the  flight  of  the  millions  of 
electrons  supplied  by  the  cathode.  It 
accomplishes  this  control  with  a  mini¬ 
mum  of  energy.  Because  it  is  almost 
instantaneous  in  its  action,  the  electron 
tube  can  operate  efficiently  and  accu¬ 
rately  at  electrical  frequencies  much 
higher  than  those  attainable  with  rotat¬ 
ing  machines. 

Electrons 

All  matter  exists  in  the  solid, 
liquid,  or  gaseous  state.  These  three 
forms  consist  entirely  of  minute  divi¬ 
sions  known  as  molecules,  which,  in 
turn,  are  composed  of  atoms.  Atoms 
have  a  nucleus  which  is  a  positive 
charge  of  electricity,  around  which  re¬ 
volve  tiny  charges  of  negative  electricity 
known  as  electrons.  Scientists  have  es¬ 
timated  that  electrons  weigh  only  1/ 30- 
billion,  billion,  billion,  billionths  of  an 
ounce,  and  that  they  may  travel  at 
speeds  of  thousands  of  miles  per  second. 

Electron  movement  may  be  accele¬ 
rated  by  the  addition  of  energy.  Heat  is 


one  form  of  energy  which  can  be  con¬ 
veniently  used  to  speed  up  the  electron. 
For  example,  if  the  temperature  of  a 
metal  is  gradually  raised,  the  electrons 
in  the  metal  gain  velocity.  When  the 
metal  becomes  hot  enough,  some  elec¬ 
trons  may  acquire  sufficient  speed  to 
break  away  from  the  surface  of  the 
metal.  This  action,  which  is  accelerated 
when  the  metal  is  heated  in  a  vacuum, 
is  utilized  in  most  electron  tubes  to 
produce  the  necessary  electron  supply. 

An  electron  tube  consists  of  a 
cathode,  which  supplies  electrons,  and 
one  or  more  additional  electrodes, 
which  control  and  collect  these  elec¬ 
trons,  mounted  in  an  evacuated  en¬ 
velope.  The  envelope  may  be  made  of 
glass,  metal,  ceramic,  or  a  combination 
of  these  materials. 

Cathodes 

A  cathode  is  an  essential  part  of  an 
electron  tube  because  it  supplies  the 
electrons  necessary  for  tube  operation. 
When  energy  in  some  form  is  applied 
to  the  cathode,  electrons  are  released. 
Heat  is  the  form  of  energy  generally 
used.  The  method  of  heating  the  cath¬ 
ode  may  be  used  to  distinguish  between 
the  different  forms  of  cathodes.  For  ex¬ 
ample,  a  directly  heated  cathode,  or 
filament-cathode,  is  a  wire  heated  by 
the  passage  of  an  electric  current.  An 
indirectly  heated  cathode,  or  heater- 
cathode,  consists  of  a  filament,  or 
heater,  enclosed  in  a  metal  sleeve.  The 
sleeve  carries  the  electron-emitting  ma¬ 
terial  on  its  outside  surface  and  is 
heated  by  radiation  and  conduction 
from  the  heater. 

A  filament,  or  directly  heated  cath¬ 
ode,  such  as  that  shown  in  Fig.  1  may 


4 


EGA  ; Receiving  Tube  Manual 


be  further  classified  by  identifying  the 
filament  or  electron-emitting  material. 
The  materials  in  regular  use  are  tung¬ 
sten,  thoriated  tungsten,  and  metals 
which  have  been  coated  with  alkaline- 
earth  oxides.  Tungsten  filaments  are 
made  from  the  pure  metal.  Because 
they  must  operate  at  high,  temperatures 
(a  dazzling  white)  to  emit  sufficient 
electrons,  a  relatively  large  amount  of 
filament  power  is  required. 

Thoriated-tungsten  filaments  are 
made  from  tungsten  impregnated  with 
thorium  oxide.  Due  to  the  presence  of 
thorium,  these  filaments  liberate  elec¬ 
trons  at  a  more  moderate  temperature 
of  about  1700°C  (a  bright  yellow)  and 
are,  therefore,  much  more  economical 
of  filament  power  than  are  pure  tung¬ 
sten  filaments. 

Alkaline  earths  are  usually  applied 
as  a  coating  on  a  nickel-alloy  wire  or 
ribbon.  This  coating,  which  is  dried  in 
a  relatively  thick  layer  on  the  filament, 
requires  only  a  relatively  low  tempera¬ 
ture  of  about  700-750° C  (a  dull  red) 
to  produce  a  copious  supply  of  elec¬ 
trons.  Coated  filaments  operate  very 
efficiently  and  require  relatively  little 
filament  power.  However,  each  of  these 
cathode  materials  has  special  advan¬ 
tages  which  determine  the  choice  for  a 
particular  application. 

Directly  heated  filament-cathodes 
require  comparatively  little  heating 
power.  They  are  used  in  tube  types  de¬ 
signed  for  battery  operation  because  it 
is,  of  course,  desirable  to  impose  as 
small  a  drain  as  possible  on  the  bat¬ 
teries.  They  are  also  used  in  rectifiers 
such  as  the  1G3GT/1B3GT  and  the 
5Y3GT. 

An  Indirectly  heated  cathode,  or 
heater-cathode,  consists  of  a  thin  metal 
-  sleeve  coated  with  electron-emitting  ma¬ 
terial  such  as  alkaline-earth  oxides.  The 
emissive  surface  of  the  cathode  is  main¬ 
tained  at  the  required  temperature 
(approximately  1 050 0  K)  by  resistance- 
heating  of  a  tungsten  or  tungsten-alloy 
wire  which  is  placed  inside  the  cath¬ 
ode  sleeve  and  electrically  insulated 
from  it,  as  shown  in  Fig.  2.  The  heater 
is  used  only  for  the  purpose  of  heat¬ 
ing  the  cathode  sleeve  and  sleeve  codl¬ 
ing  to  an  electron-emitting  temperature. 


Useful  emission  does  not  take  place 
from  the  heater  wire. 

A  new  dark  heater  insulating  coat¬ 
ing  developed  by  RGA  has  better  heat 
transfer  than  earlier  aluminum-oxide 
coatings,  and  makes  it  possible  to  oper¬ 
ate  heaters  at  lower  temperatures  for 
given  power  inputs.  Because  the  tensile 
strength  of  the  heater  wire  increases 
at  the  lower  operating  temperatures, 
tubes  using  dark  heaters  have  increased 
reliability,  stability,  and  life. 

«  CATHODE 
SLEEVE 

CATHODE 
COATING 

Fig.  I— Filament  Fig.  2 — I  n  directly 
or  directly  heated  heated  cathode  or 
cathode,  heater-cathode. 

The  heater-cathode  construction  is 
well  adapted  for  use  in  electron  tubes 
intended  for  operation  from  ac  power 
lines  and  from  storage  batteries.  The 
use  of  separate  parts  for  emitter  and 
heater  functions,  the  electrical  insula¬ 
tion  of  the  heater  from  the  emitter, 
and  the  shielding  effect  of  the  sleeve 
may  all  be  utilized  in  the  design  of  the 
tube  to  minimize  the  introduction  of 
hum  from  the  ac  heater  supply  and  to 
minimize  electrical  interference  which 
might  enter  the  tube  circuit  through  the 
heater-supply  line.  From  the  viewpoint 
of  circuit  design,  the  heater-cathode 
construction  offers  advantages  in  con¬ 
nection  flexibility  because  of  the  elec¬ 
trical  separation  of  the  heater  from  the 
cathode* 

Another  advantage  of  the  heater- 
cathode  construction  is  that  it  makes 
practical  the  design  of  a  rectifier  tube 
having  close  spacing  between  its  cath¬ 
ode  and  plate,  and  of  an  amplifier  tube 
having  close"  spacing  between  its  cath¬ 
ode  and  grid.  In  a  close-spaced  rectifier 
tube,  the  voltage  drop  in  the  tube  is 
low,  and,  therefore,  the  regulation  is 
improved.  In  an  amplifier  tube,  the 
close  spacing  increases  the  gain  qbtaiit- 
&ble  from  the  tube.  Because  of  the 
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advantages  of  the  heater-cathode  con¬ 
struction,  almost  all  present-day  receiv¬ 
ing  tubes  designed  for  ac  operation 
have  heater-cathodes. 

Generic  Tube  Types 

Electrons  are  of  no  value  in  an 
electron  tube  unless  they  can  be  put  to 
work.  Therefore,  a  tube  is  designed 
with  the  parts  necessary  to  utilize  elec¬ 
trons  as  well  as  those  required  to  pro¬ 
duce  them.  These  parts  consist  of  a 
cathode  and  one  or  more  supplemen¬ 
tary  electrodes.  The  electrodes  are  en¬ 
closed  in  an  evacuated  envelope  having 
the  necessary  connections  brought  out 
through  air-tight  seals.  The  air  is  re¬ 
moved  from  the  envelope  to  allow  free 
movement  of  the  electrons  and  to  pre¬ 
vent  injury  to  the  emitting  surface  of 
the  cathode. 

When  the  cathode  is  heated,  elec¬ 
trons  leave  the  cathode  surface  and 
form  an  invisible  cloud  in  the  space 
around  it.  Any  positive  electric  poten¬ 
tial  within  the  evacuated  envelope  of¬ 
fers  a  strong  attraction  to  the  electrons 
(unlike  electric  charges  attract;  like 
charges  repel).  Such  a  positive  electric 
potential  can  be  supplied  by  an  anode 
(positive  electrode)  located  within  the 
tube  in  proximity  to  the  cathode. 

Diodes 

The  simplest  form  of  electron  tube 
contains  two  electrodes,  a  cathode  and 
an  anode  (plate),  and  is  often  called  a 
diode,  the  family  name  for  a  two-elec¬ 
trode  tube.  In  a  diode,  the  positive 
potential  is  supplied  by  a  suitable  elec¬ 
trical  source  connected  between  the 
plate  terminal  and  a  cathode  terminal, 
as  shown  in  Fig.  3.  Under  the  influence 
of  the  positive  plate  potential,  electrons 
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Fig.  3 — Basic  diode  circuits 


flow  from  the  cathode  to  the  plate  and 
return  through  the  external  plate-bat¬ 
tery  circuit  to  the  cathode,  thus  com¬ 
pleting  the  circuit.  This  flow  of  electrons 
is  known  as  the  plate  current. 

If  a  negative  potential  is  applied  to 
the  plate,  the  free  electrons  in  the  space 
surrounding  the  cathode  will  be  forced 
back  to  the  cathode  and  no  plate  cur¬ 
rent  will  flow.  If  an  alternating  voltage 
is  applied  to  the  plate,  the  plate  is  al¬ 
ternately  made  positive  and  negative. 
Because  plate  current  flows  only  during 
the  time  when  the  plate  is  positive,  cur¬ 
rent  flows  through  the  tube  in  only  one 
direction  and  is  said  to  be  rectified. 
Fig.  4  shows  the  rectified  output  current 
produced  by  an  alternating  input  volt¬ 
age. 


Diode  rectifiers  are  used  in  ac  re¬ 
ceivers  to  convert  the  ac  supply  voltage 
to  dc  voltage  for  the  electrodes  of  the 
other  tubes  in  the  receiver.  Rectifier 
tubes  having  only  one  plate  and  one 
cathode,  such  as  the  35W4,  are  called 
half-wave  rectifiers,  because  current 
can  flow  only  during  one-half  of  the 
alternating-current  cycle.  When  two 
plates  and  one  or  more  cathodes  are 
used  in  the  same  tube,  current  may  be 
obtained  on  both  halves  of  the  ac  cycle. 
The  6X4,  5Y3GT,  and  5U4GB  are  ex¬ 
amples  of  this  type  and  are  called 
full-wave  rectifiers. 

Not  all  of  the  electrons  emitted  by 
the  cathode  reach  the  plate.  Some  re¬ 
turn  to  the  cathode,  while  others  re¬ 
main  in  the  space  between  the  cathode 
and  plate  for  a  brief  period  to  produce 
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an  effect  known  as  space  charge*  This 
charge  has  a  repelling  action  on  other 
electrons  which  leave  the  cathode  sur¬ 
face  and  impedes  their  passage  to  the 
plate.  The  extent  of  this  action  and  the 
amount  of  space  charge  depend  on  the 
cathode  temperature,  the  distance  be¬ 
tween  the  cathode  and  the  plate,  and 
the  plate  potential.  The  higher  the  plate 
potential,  the  less  is  the  tendency  for 
electrons  to  remain  in  the  space-charge 
region  and  repel  other  electrons.  This 
effect  may  be  noted  by  applying  increas¬ 
ingly  higher  plate  voltages  to  a  tube 
operating  at  a  fixed  heater  or  filament 
voltage.  Under  these  conditions,  the 
maximum  number  of  available  electrons 
is  fixed,  but  increasingly  higher  plate 
voltages  will  succeed  in  attracting  a 
greater  proportion  of  the  free  electrons. 

Beyond  a  certain  plate  voltage, 
however,  additional  plate  voltage  has 
little  effect  in  increasing  the  plate  cur¬ 
rent  because  all  of  the  electrons  emitted 
by  the  cathode  are  already  being  drawn 
to  the  plate.  This  maximum  current, 
illustrated  in  Fig.  5,  is  called  saturation 
current.  Because  it  is  an  indication  of 
the  total  number  of  electrons  emitted, 
it  is  also  known  as  emission  current  or 
simply  emission. 


Fig.  5 — Current  characteristic  of  diode 
tube. 

Although  tubes  are  sometimes 
tested  by  measurement  of  their  emission 
current,  it  is  generally  not;  advisable  to 
measure  the  full  value  of  emission  be¬ 
cause  this  value  would  be  sufficiently 
large  to  cause  change  in  the  tube  char¬ 
acteristics  or  even  to  damage  the  tube. 
Consequently,  while  the  test  value  of 
emission  current  is  somewhat  larger 
than  the  maximum  current  which  will 
be  required  from  the  cathode  in  the 


use  of  the  tube,  it  is  ordinarily  less 
than  the  full  emission  current.  The 
emission  test,  therefore,  is  used  to  in¬ 
dicate  whether  the  cathode  can  supply 
a  sufficient  number  of  electrons  for 
satisfactory  operation  of  the  tube. 

If  space  charge  were  not  present  to 
repel  electrons  coming  from  the  cath¬ 
ode,  the  same  plate  current  could  be 
produced  at  a  lower  plate  voltage.  One 
way  to  make  the  effect  of  space  charge 
small  is  to  make  the  distance  between 
plate  and  cathode  small.  This  method 
is  used  in  rectifier  types  having  heater- 
cathodes,  such  as  the  5V4GA  and  the 
6AX5GT.  In  these  types  the  radial  dis¬ 
tance  between  cathode  and  plate  is  only 
about  two  hundredths  of  an  inch. 

Another  method  of  reducing  space- 
charge  effect  is  utilized  in  mercury- 
vapor  rectifier  tubes.  When  such  tubes 
are  operated,  a  small  amount  of  mer¬ 
cury  contained  in  the  tube  is  partially 
vaporized,  filling  the  space  inside  the 
bulb  with  mercury  atoms.  These  atoms 
are  bombarded  by  electrons  on  their 
way  to  the  plate.  If  the  electrons  are 
moving  at  a  sufficiently  high  speed,  the 
collisions  tear  off  electrons  from  the 
mercury  atoms.  The  mercury  atom  is 
then  said  to  be  “ionized,”  i.e.f  it  has  lost 
one  or  more  electrons  and,  therefore, 
has  a  positive  charge.  Ionization  is  evi¬ 
denced  by  a  bluish-green  glow  between 
the  cathode  and  plate.  When  ionization 
occurs,  the  space  charge  is  neutralized 
by  the  positive  mercury  atoms  so  that 
increased  numbers  of  electrons  are 
made  available.  Mercury-vapor  tubes 
are  used  primarily  for  power  rectifiers. 

lonic-heated-cathode  rectifiers  de¬ 
pend  on  gas  ionization  for  their  opera¬ 
tion.  These  tubes  are  of  the  full-wave 
design  and  contain  two  anodes  and  a 
coated  cathode  sealed  in  a  bulb  con¬ 
taining  a  reduced  pressure  of  inert  gas. 
The  cathode  becomes  hot  during  tube 
operation,  but  the  heating  effect  is 
caused  by  bombardment  of  the  cath¬ 
ode  by  ions  within  the  tube  rather  than 
by  heater  or  filament  current  from  an 
external  source. 

The  internal  structure  of  an  ionic- 
heated-cathode  tube  is  designed  so  that 
when  sufficient  voltage  is  applied  to  the 
tube,  ionization  of  the  gas  occurs  be- 
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tween  the  anode  which  is  instan¬ 
taneously  positive  and  the  cathode. 
Under  normal  operating  voltages,  ioni¬ 
zation  does  not  take  place  between  the 
anode  that  is  negative  and  the  cathode, 
so  that  the  requirements  for  rectifica¬ 
tion  are  satisfied.  The  initial  small  flow 
of  current  through  the  tube  is  sufficient 
to  raise  the  cathode  temperature  quickly 
to  incandescence,  whereupon  the  cath¬ 
ode  emits  electrons.  The  voltage  drop 
in  such  tubes  is  slightly  higher  than 
that  of  the  usual  hot-cathode  gas  rec¬ 
tifiers  because  energy  is  taken  from  the 
ionization  discharge  to  keep  the  cath¬ 
ode  at  operating  temperature.  Proper 
operation  of  these  rectifiers  requires  a 
minimum  flow  of  load  current  at  all 
times  to  maintain  the  cathode  at  the 
temperature  required  to  supply  sufficient 
emission. 

Triodes 

When  a  third  electrode,  called  the 
grid,  is  placed  between  the  cathode  and 
plate,  the  tube  is  known  as  a  triode,  the 
family  name  for  a  three-electrode  tube. 
The  grid  usually  consists  of  relatively 
fine  wire  wound  on  two  support  rods 
(siderods)  and  extending  the  length  of 
the  cathode.  The  spacing  between  turns 
of  wire  is  large  compared  with  the  size 
of  the  wire  so  that  the  passage  of  elec¬ 
trons  from  cathode  to  plate  is  prac¬ 
tically  unobstructed  by  the  grid.  In 
some  types,  a  frame  grid  is  used.  The 
frame  consists  of  two  siderods  supported 
by  four  metal  straps.  Extremely  fine 
lateral  wire  (diameter  of  0.5  mil  or  less) 
is  wound  under  tension  around  the 
frame.  This  type  of  grid  permits  the 
use  of  closer  spacings  between  grid 
wires  and  between  tube  electrodes,  and 
thus  improves  tube  performance. 

The  purpose  of  the  grid  is  to  con¬ 
trol  the  flow  of  plate  current.  When  a 
tube  is  used  as  an  amplifier,  a  negative 
dc  voltage  is  usually  applied  to  the 
grid.  Under  this  conditon  the  grid  does 
not  draw  appreciable  current. 

The  number  of  electrons  attracted 
to  the  plate  depends  on  the  combined 
effect  of  the  grid  and  plate  polarities,  as 
shown  in  Fig.  6.  When  the  plate  is  posi¬ 
tive,  as  is  normal,  and  the  dc  grid  volt¬ 


age  is  made  more  and  more  negative, 
the  plate  is  less  able  to  attract  electrons 
to  it  and  plate  current  decreases.  When 
the  grid  is  made  less  and  less  negative 
(more  and  more  positive),  the  plate 
more  readily  attracts  electrons  to  it  and 
plate  current  increases.  Hence,  when 
the  voltage  on  the  grid  is  varied  in  ac¬ 
cordance  with  a  signal,  the  plate  cur¬ 
rent  varies  with  the  signal.  Because  a 
small  voltage  applied  to  the  grid  can 
control  a  comparatively  large  amount 
of  plate  current,  the  signal  is  ampli¬ 
fied  by  the  tube.  Typical  three-electrode 
tube  types  are  the  6C4  and  6AF4A. 


ELECTRON 


The  grid,  plate,  and  cathode  of  a 
triode  form  an  electrostatic  system,  each 
electrode  acting  as  one  plate  of  a  small 
capacitor.  The  capacitances  are  those 
existing  between  grid  and  plate,  plate 
and  cathode,  and  grid  and  cathode. 
These  capacitances  are  known  as  inter- 
electrode  capacitances.  Generally,  the 
capacitance  between  grid  and  plate  is 
of  the  most  importance.  In  high-gain 
radio-frequency  amplifier  circuits,  this 
capacitance  may  act  to  produce  unde¬ 
sired  coupling  between  the  input  circuit, 
the  circuit  between  grid  and  cathode, 
and  the  output  circuit,  the  circuit  be¬ 
tween  plate  and  cathode.  This  coupling 
is  undesirable  in  an  amplifier  because 
it  may  cause  instability  and  unsatisfac¬ 
tory  performance. 

Tetrodes 

The  capacitance  between  grid  and 
plate  can  be  made  small  by  mounting 
an  additional  electrode,  called  the 
screen  grid  (grid  No.  2),  in  the  tube. 
With  the  addition  of  the  grid  No.  2, 
the  tube  has  four  electrodes  and  is,  ac¬ 
cordingly,  called  a  tetrode.  The  screen 
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grid  or  grid  No.  2  is  mounted  between 
the  grid  No.  1  (control  grid)  and  the 
plate,  as  shown  in  Fig.  7,  and  acts  as 
an  electrostatic  shield  between  them, 
thus  reducing  the  grid-to-plate  capaci¬ 
tance.  The  effectiveness  of  this  shield¬ 
ing  action  is  increased  by  a  bypass 
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capacitor  connected  between  screen  grid 
and  cathode.  By  means  of  the  screen 
grid  and  this  bypass  capacitor,  the  grid- 
plate  capacitance  of  a  tetrode  is  made 
very  small.  In  practice,  the  grid-plate 
capacitance  is  reduced  from  several 
picofarads  (pF)  for  a  triode  to  0.01  pF 
or  less  for  a  .screen-grid  tube. 

The  screen  grid  has  another  desir¬ 
able  effect  in  that  it  makes  plate  current 
practically  independent  of  plate  voltage 
over  a  certain  range.  The  screen  grid  is 
operated  at  a  positive  voltage  and, 
therefore,  attracts  electrons  from  the 
cathode.  However,  because  of  the  com¬ 
paratively  large  space  between  wires  of 
the  screen  grid,  most  of  the  electrons 
drawn  to  the  screen  grid  pass  through 
it  to  the  plate.  Hence  the  screen  grid 
supplies  an  electrostatic  force  pulling 
electrons  from  the  cathode  to  the  plate. 
At  the  same  time  the  screen  grid  shields 
the  electrons  between  cathode  and 
screen  grid  from  the  plate  so  that  the 
plate  exerts  very  little  electrostatic 
force  on  electrons  near  the  cathode. 

So  long  as  the  plate  voltage  is 
higher  than  the  screen-grid  voltage, 
plate  current  in  a  screen-grid  tube  de¬ 
pends  to  a  great  degree  on  the  screen- 
grid  voltage  and  very  little  on  the  plate 
voltage.  The  fact  that  plate  current  in 
a  screen-grid  tube  is  largely  independ¬ 
ent  of  plate  voltage  makes  it  possible 
to  obtain  much  higher  amplification 
with  a  tetrode  than  with  a  triode.  The 
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low  grid-plate  capacitance  makes  it 
possible  to  obtain  this  high  amplifica¬ 
tion  without  plate-to-grid  feedback  and 
resultant  instability.  In  receiving-tube 
applications,  the  tetrode  has  been  re¬ 
placed  to  a  considerable  degree  by  the 
pentode. 

Pentodes 

In  all  electron  tubes,  electrons 
striking  the  plate  may,  if  moving  at  suf¬ 
ficient  speed,  dislodge  other  electrons. 
In  two-  and  three-electrode  types,  these 
dislodged  electrons  usually  do  not  cause 
trouble  because  no  positive  electrode 
other  than  the  plate  itself  is  present  to 
attract  them.  These  electrons,  therefore, 
are  drawn  back  to  the  plate.  Emission 
caused  by  bombardment  of  an  electrode 
by  electrons  from  the  cathode  is  called 
secondary  emission  because  the  effect  is 
secondary  to  the  original  cathode  emis¬ 
sion. 

In  the  case  of  screen-grid  tubes,  the 
proximity  of  the  positive  screen  grid  to 
the  plate  offers  a  strong  attraction  to 
these  secondary  electrons,  and  particu¬ 
larly  so  if  the  plate  voltage  swings  lower 
than  the  screen-grid  voltage.  This  effect 
reduces  the  plate  current  and  limits  the 
useful  plate-voltage  swing  for  tetrodes. 

The  effects  of  secondary  emission 
are  minimized  when  a  fifth  electrode  is 
placed  within  the  tube  between  the 
screen  grid  and  plate.  This  fifth  elec¬ 
trode  is  known  as  the  suppressor  grid 
(grid  No.  3)  and  is  usually  connected 
to  the  cathode,  as  shown  in  Fig.  8.  Be¬ 
cause  of  its  negative  potential  with 
respect  to  the  plate,  the  suppressor  grid 
retards  the  flight  of  secondary  electrons 
and  diverts  them  back  to  the  plate. 
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The  family  name  for  a  five-elec¬ 
trode  tube  is  “pentode.”  In  power-out¬ 
put  pentodes,  the  suppressor  grid  makes 
possible  higher  power  output  with  lower 
grid-driving  voltage;  in  radio-frequency 
amplifier  pentodes,  the  suppressor  grid 
makes  possible  high  voltage  amplifica¬ 
tion  at  moderate  values  of  plate  volt¬ 
age.  These  desirable  features  result 
from  the  fact  that  the  plate-voltage 
swing  can  be  made  very  large.  In  fact, 
the  plate  voltage  may  be  as  low  as, 
or  lower  than,  the  screen-grid  voltage 
without  serious  loss  in  signal-gain  capa¬ 
bility.  Representative  pentodes  used  for 
power  amplification  are  the  6CL6  and 
6K6GT;  representative  pentodes  used 
for  voltage  amplification  are  the  6AU6A, 
6BA6,  and  5879. 


Beam  Power  Tubes 

A  beam  power  tube  is  a  tetrode  or 
pentode  in  which  directed  electron 
beams  are  used  to  increase  substantially 
the  power-handling  capability  of  the 
tube.  Such  a  tube  contains  a  cathode, 
a  control  grid  (grid  No.  1),  a  screen 
grid  (grid  No.  2),  a  plate,  and,  op¬ 
tionally,  a  suppressor  grid  (grid  No.  3). 
When  a  beam  power  tube  is  designed 
without  an  actual  suppressor  grid,  the 
electrodes  are  so  spaced  that  secondary 
emission  from  the  plate  is  suppressed 
by  space-charge  effects  between  screen 
grid  and  plate.  The  space  charge  is 
produced  by  the  slowing  up  of  electrons 
traveling  from  a  high-potential  screen 
grid  to  a  lower-potential  plate.  In  this 
low-velocity  region,  the  space  charge 
produced  is  sufficient  to  repel  second¬ 
ary  electrons  emitted  from  the  plate 
and  to  cause  them  to  return  to  the 
plate. 

Beam  power  tubes  of  this  design 
employ  beam-confining  electrodes  at 
cathode  potential  to  assist  in  producing 
the  desired  beam  effects  and  to  prevent 
stray  electrons  from  the  plate  from  re¬ 
turning  to  the  screen  grid  outside  of  the 
beam.  A  feature  of  a  beam  power  tube 
is  its  low  screen-grid  current.  The  screen 
grid  and  the  control  grid  are  spiral  wires 
wound  so  that  each  turn  of  the  screen 
grid  is  shaded  from  the  cathode  by  a 
grid  turn.  This  alignment  of  the  screen 


grid  and  control  grid  causes  the  elec¬ 
trons  to  travel  in  sheets  between  the 
turns  of  the  screen  grid  so  that  very 
few  of  them  strike  the  screen  grid. 
Because  of  the  effective  suppressor  ac¬ 
tion  provided  by  space  charge  and  be¬ 
cause  of  the  low  current  drawn  by  the 
screen  grid,  the  beam  power  tube  has 
the  advantages  of  high  power  output, 
high  power  sensitivity,  and  high  effi¬ 
ciency. 

Fig.  9  shows  the  structure  of  a 
beam  power  tube  employing  space- 
charge  suppression  and  illustrates  how 


Fig.  9 — Structure  of  beam  power  tube 
showing  beam-confining  action . 

the  electrons  are  confined  to  beams. 
The  beam  condition  illustrated  is  that 
for  a  plate  potential  less  than  the 
screen-grid  potential.  The  high-density 
space-charge  region  is  indicated  by  the 
heavily  dashed  lines  in  the  beam.  Note 
that  the  edges  of  the  beam-confining 
electrodes  coincide  with  the  dashed  por¬ 
tion  of  the  beam.  In  this  way  the 
space-charge  potential  region  is  ex¬ 
tended  beyond  the  beam  boundaries 
and  stray  secondary  electrons  are  pre¬ 
vented  from  returning  to  the  screen 
grid  outside  of  the  beam.  The  space- 
charge  effect  may  also  be  obtained  by 
use  of  an  actual  suppressor  grid.  Ex¬ 
amples  of  beam  power  tubes  are 
6AQ5A,  6L6GC,  6V6GTA,  and  50C5, 


Multi-Electrode  and 
Multi-Unit  Tubes 

Early  in  the  history  of  tube  devel- 
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opment  and  application,  tubes  were  de¬ 
signed  for  a  general  service;  that  is,  a 
single  tube  type — a  triode — was  used  as 
a  radio-frequency  amplifier,  an  inter¬ 
mediate-frequency  amplifier,  an  audio¬ 
frequency  amplifier,  an  oscillator,  or  a 
detector.  Obviously,  with  this  diversity 
of  application,  one  tube  did  not  meet  all 
requirements  to  the  best  advantage. 

Later  and  present  trends  of  tube 
design  are  the  development  of  “spe¬ 
cialty”  types.  These  types  are  intended 
either  to  give  optimum  performance  in 
a  particular  application  or  to  combine 
in  one  bulb  functions  which  formerly 
required  two  or  more  tubes.  The  first 
class  of  tubes  includes  such  examples 
of  specialty  types  as  the  6CB6A  and 
6BY6.  Types  of  this  class  generally 
require  more  than  three  electrodes  to 
obtain  the  desired  special  characteristics 
and  may  be  broadly  classed  as  multi- 
electrode  types.  The  6BY6  is  an  espe¬ 
cially  interesting  type  in  this  class. 
This  tube  has  an  unusually  large  num¬ 
ber  of  electrodes,  namely  seven,  ex¬ 
clusive  of  the  heater.  Plate  current  in 
the  tube  is  varied  at  two  different  fre¬ 
quencies  at  the  same  time.  The  tube  is 
designed  primarily  for  use  as  a  com¬ 
bined  sync  separator  and  sync  clipper 
in  television  receivers. 

The  second  class  includes  multi- 
unit  tubes  such  as  the  twiri-diode  triodes 
6CN7  and  6AV6,  as  well  as  triode-pen- 
todes  such  as  the  6U8A  and  6X8.  This 
class  also  includes  class  A  twin  triodes 
such  as  the  6CG7  and  12AX7A,  and 
types  such  as  the  6CM7  containing  dis¬ 
similar  triode  units  used  primarily  as 
combined  vertical  oscillators  and  ver¬ 
tical  deflection  amplifiers  in  television 
receivers.  Full-wave  rectifiers  are  also 
multi-unit  types. 

A  third  class  of  tubes  combines  fea¬ 
tures  of  each  of  the  other  two  classes. 
Typical  of  this  third  class  are  the  penta- 
grid-converter  types  6BE6  and  6SA7. 
These  tubes  are  similar  to  the  multi¬ 
electrode  types  in  that  they  have  seven 
electrodes,  all  of  which  affect  the  elec¬ 
tron  stream;  and  they  are  similar  to  the 
multi-unit  tubes  in  that  they  perform 
simultaneously  the  double  function  of 
oscillator  and  mixer  in  superheterodyne 
receivers. 


Receiving  Tube  Structure 

Receiving  tubes  generally  utilize  a 
glass  or  metal  envelope  and  a  base. 
Originally,  the  base  was  made  of  metal 
or  molded  phenolic  material.  Types 
having  a  glass  envelope  and  a  molded 
phenolic  base  include  the  “octal”  types 
such  as  the  5U4GB  and  the  6SN7GTB. 
Types  having  a  metal  envelope  and 
molded  phenolic  octal  base  include  the 
6F6  and  the  6L6.  Many  modern  types 
utilize  integral  glass  bases.  Present-day 
conventional  tube  designs  utilizing  glass 
envelopes  and  integral  glass  bases  in¬ 
clude  the  seven-pin  and  nine-pin  mini¬ 
ature  types,  the  nine-pin  novar  and 
neonova!  types,  and  the  twelve-pin  duo- 
decar  types.  Examples  of  the  seven-pin 
miniature  types  are  the  6AU6A  and 
6BN6.  Examples  of  the  nine-pin  mini¬ 
ature  types  are  the  12AU7A  and  6EA8. 
Examples  of  the  novar  types  are  the 
6BH3  and  7868.  The  nine-pin  base  for 
the  novar  types  has  a  relatively  large 
pin-circle  diameter  and  long  pins  to 
insure  firm  retention  of  the  tube  in  its 
socket. 

The  nuvistor  concept  provided  a 
new  approach  to  electron  tube  design. 
Nuvistor  tubes  utilize  a  light-weight 
cantilever-supported  cyclindrical  elec¬ 
trode  structure  housed  in  a  ceramic- 
metal  envelope.  These  tubes  combine 
new  materials,  processes,  and  fabrica¬ 
tion  techniques.  Examples  of  the  nu¬ 
vistor  are  the  6CW4  and  the  6DV4. 

Television  Picture  Tubes 

The  picture  tube,  or  kinescope,  is 
a  multi-electrode  tube  used  principally 
in  television  receivers  for  picture  dis¬ 
play.  It  consists  essentially  of  an  elec¬ 
tron  gun,  a  glass  or  metal-and-glass 
envelope  and  face-plate  combination, 
and  a  fluorescent  screen. 

The  electron  gun  includes  a  cath¬ 
ode  for  the  production  of  free  elec¬ 
trons,  one  or  more  control  electrodes 
for  accelerating  the  electrons  in  the 
beam,  and,  optionally,  a  device  for 
“trapping”  unwanted  ions  out  of  the 
electron  beam. 

Focusing  of  the  beam  is  accom¬ 
plished  either  electromagnetically  by 
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means  of  a  focusing  coil  placed  on  the 
neck  of  the  tube,  or  electrostatically, 
as  shown  in  Fig.  10,  by  means  of  a 
focusing  electrode  (grid  No.  4)  within 
the  envelope  of  the  tube.  The  screen 
is  a  white-fluorescing  phosphor  P4  of 
either  the  silicate  or  the  sulfide  type. 

Deflection  of  the  beam  is  accom¬ 
plished  either  electrostatically  by  means 
of  deflecting  electrodes  within  the  enve¬ 
lope  of  the  tube,  or  electromagnetically 
by  means  of  a  deflecting  yoke  placed 
on  the  neck  of  the  tube.  Fig.  10  shows 
the  structure  of  the  gun  section  of  a 
picture  tube  and  illustrates  how  the 
electron  beam  is  formed  and  how  the 
beam  is  deflected  by  means  of  an  elec¬ 
tromagnetic  deflecting  yoke.  In  this 
type  of  tube,  ions  in  the  beam  are 
prevented  from  damaging  the  fluores¬ 
cent  screen  by  an  aluminum  film  on 
the  gun  side  of  the  screen.  This  film 
not  only  “traps”  unwanted  ions,  but 
also  improves  picture  contrast.  In  many 
types  of  non-aluminized  tubes,  ions 
are  separated  from  the  electron  beam 
by  means  of  a  tilted -gun  and  ion-trap- 
magnet  arrangement. 

Color  television  picture  tubes  are 
similar  to  black-and-white  picture  tubes, 
but  differ  in  three  major  ways:  (1)  The 
light-emitting  screen  is  made  up  of  trios 


of  phosphor  dots  deposited  in  an  inter¬ 
laced  pattern.  Each  dot  of  a  trio  is  capa¬ 
ble  of  emitting  light  in  one  of  the  three 
primary  colors  (red,  green,  or  blue). 

(2)  A  shadow  mask  mounted  near  the 
screen  of  the  tube  contains  over  300,- 
000  apertures,  one  for  each  of  the 
phosphor  dot  trios.  This  mask  provides 
color  separation  by  shadowing  two  of 
the  three  phosphor  dots  of  each  trio. 

(3)  Three  closely  spaced  electron  guns, 
built  as  a  unit,  provide  separate  beams 
for  excitation  of  the  three  different 
color-phosphor-dot  arrays.  Thus  it  is 
possible  to  control  the  brightness  of 
each  of  the  three  colors  independently 
of  the  other  two.  Fig.  11  shows  a  cut¬ 
away  view  of  a  color  television  picture 
tube. 

The  three  electron  guns  are 
mounted  with  their  axes  tilted  toward 
the  central  axis  of  the  envelope,  and 
are  spaced  120  degrees  with  respect  to 
each  other.  The  focusing  electrodes  of 
the  three  guns  are  interconnected  in¬ 
ternally,  and  their  potential  is  adjusted 
to  cause  the  separate  beams  to  focus 
at  the  phosphor-dot  screen.  All  three 
beams  must  be  made  to  converge  at 
the  screen  while  they  are  simultaneously 
being  deflected.  Convergence  is  accom¬ 
plished  by  the  action  of  static  and 


Fig.  10 — Structure  of  television-picture-tube  electron  gun . 
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dynamic  magnetic  fields  set  up  by 
the  radial-converging  magnet  assembly 
mounted  on  the  neck  of  the  tube. 
These  fields  are  coupled  into  the  radial- 
converging  pole  pieces  within  the  tube. 
Another  pair  of  pole  pieces  in  the 
tube  is  activated  by  the  lateral-converg¬ 
ing  magnet  also  mounted  on  the  neck 
of  the  tube.  These  pole  pieces  permit 
lateral  shift  in  position  of  the  blue 
beam  in  opposition  to  the  lateral  shift 
of  the  green  and  red  beams. 


A  purifying  magnet  is  used  with 
color  picture  tubes  to  provide  a  mag¬ 
netic  field,  adjustable  in  magnitude  and 
direction,  to  effect  register  over  the  en¬ 
tire  area  of  the  screen.  A  magnetic 
shield  is  used  to  minimize  the  effects 
of  the  earth’s  magnetic  field. 

Deflection  of  the  three  beams  is 
accomplished  simultaneously  by  a  de¬ 
flecting  yoke  using  four  electromagnetic 
coils  similar  to  the  deflecting  yoke  used 
for  black-and-white  picture  tubes. 
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Fig,  11 — Cutaway  view  of  color  television  picture  tube. 
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Electron  Tube 
Characteristics 


THE  term  “characteristics”  is  used  to 
identify  the  distinguishing  electrical 
features  and  values  of  an  electron  tube. 
These  values  may  be  shown  in  curve 
form  or  they  may  be  tabulated.  When 
the  characteristics  values  are  given  in 
curve  form,  the  curves  may  be  used  for 
the  determination  of  tube  performance 
and  the  calculation  of  additional  tube 
factors. 

Tube  characteristics  are  obtained 
from  electrical  measurements  of  a  tube 
in  various  circuits  under  certain  definite 
conditions  of  voltages.  Characteristics 
may  be  further  described  by  denoting 
the  conditions  of  measurements.  For 
example.  Static  Characteristics  are  the 
values  obtained  with  different  dc  po¬ 
tentials  applied  to  the  tube  electrodes, 
while  Dynamic  Characteristics  are  the 
values  obtained  with  an  ac  voltage  on 
a  control  grid  under  various  condi¬ 
tions  of  dc  potentials  on  the  electrodes. 
The  dynamic  characteristics,  therefore, 
are  indicative  of  the  performance  capa¬ 
bilities  of  a  tube  under  actual  working 
conditions. 

Static  characteristics  may  be  shown 
by  plate  characteristics  curves  and 
transfer  (mutual)  characteristics  curves. 
These  curves  present  the  same  informa¬ 
tion,  hut  in  two  different  forms  to 
increase  its  usefulness.  The  plate  char¬ 
acteristic  curve  is  obtained  by  varying 
plate  voltage  and  measuring  plate  cur¬ 
rent  for  different  grid-bias  voltages, 
while  the  transfer-characteristic  curve 
is  obtained  by  varying  grid-bias  voltage 
and  measuring  plate  current  for  differ¬ 
ent  plate  voltages.  A  plate-characteristic 
family  of  curves  is  shown  in  Fig.  12. 
Fig.  13  gives  the  transfer-characteristic 
family  p£  curves  for  the  same  tube. 


Dynamic  characteristics  include 
amplification  factor,  plate  resistance, 
control  -  grid — plate  transconducta  nee, 
and  certain  detector  characteristics,  and 
may  be  shown  in  curve  form  for  varia¬ 
tions  in  tube  operating  conditions. 


The  amplification  factor,  or  p,  is 
the  ratio  of  the  change  in  plate  voltage 
to  a  change  in  control-electrode  voltage 
in  the  opposite  direction,  under  the 
condition  that  the  plate  current  remains 


Fig.  13— Family  of  transfer-characteristics 
curves . 

unchanged  and  that  all  other  electrode 
voltages  are  maintained  constant.  For 
example^  if,  ..when  the  plate  voltage 
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is  made  1  volt  more  positive,  the  con¬ 
trol-electrode  (grid-No.  1)  voltage  must 
be  made  0. 1  volt  more  negative  to  hold 
plate  current  unchanged,  the  amplifica¬ 
tion  factor  is  1  divided  by  0.1,  or  10. 
In  other  words,  a  small  voltage  varia¬ 
tion  in  the  grid  circuit  of  a  tube  has 
the  same  effect  on  the  plate  current  as 
a  large  plate-voltage  change — the  lat¬ 
ter  equal  to  the  product  of  the  grid- 
voltage  change  and  amplification  factor. 
The  fi  of  a  tube  is  often  useful  for 
calculating  stage  gain.  This  use  is  dis¬ 
cussed  in  the  Electron  Tube  Applica¬ 
tions  section. 

Plate  resistance  (rP)  of  an  electron 
tube  is  the  resistance  of  the  path  be¬ 
tween  cathode  and  plate  to  the  flow  of 
alternating  current.  It  is  the  quotient 
of  a  small  change  in  plate  voltage  di¬ 
vided  by  the  corresponding  change  in 
plate  current  and  is  expressed  in  ohms, 
the  unit  of  resistance.  Thus,  if  a  change 
of  0.1  milliampere  (0.0001  ampere)  is 
produced  by  a  plate-voltage  variation  of 
I  volt,  the  plate  resistance  is  1  divided 
by  0.0001,  or  10000  ohms. 

Control-grid — plate  transconduct¬ 
ance,  or  simply  transconductance  (gm), 
is  a  factor  which  combines  in  one  term 
the  amplification  factor  and  the  plate 
resistance,  and  is  the  quotient  of  the 
first  divided  by  the  second.  This  term 
has  also  been  known  as  mutual  conduct¬ 
ance.  Transconductance  may  be  more 
strictly  defined  as  the  quotient  of  a  small 
change  in  plate  current  (amperes)  di¬ 
vided  by  the  small  change  in  the  con¬ 
trol-grid  voltage  producing  it,  under 
the  condition  that  all  other  voltages 
remain  unchanged.  Thus,  if  a  grid- 


voltage  change  of  0.5  volt  causes  a 
plate-current  change  of  1  milliampere 
(0.001  ampere),  with  all  other  voltages 
constant,  the  transconductance  is  0.001 
divided  by  0.5,  or  0.002  mho.  A  “mho” 
is  the  unit  of  conductance  and  was 
named  by  spelling  ohm  backwards.  For 
convenience,  a  millionth  of  a  mho,  or 
a  micromho  (^mho),  is  used  to  express 
transconductance.  Thus,  in  the  exam¬ 
ple,  0.002  mho  is  2000  micromhos. 

Conversion  transconductance  (gc) 
is  a  characteristic  associated  with  the 
mixer  (first  detector)  function  of  tubes 
and  may  be  defined  as  the  quotient  of 
the  intermediate-frequency  (if)  current 
in  the  primary  of  the  if  transformer  di¬ 
vided  by  the  applied  radio-frequency 
(rf)  voltage  producing  it;  more  pre¬ 
cisely,  it  is  the  limiting  value  of  this 
quotient  as  the  rf  voltage  and  if  current 
approach  zero.  When  the  performance 
of  a  frequency  converter  is  determined, 
conversion  transconductance  is  used  in 
the  same  way  as  control-grid — plate 
transconductance  is  used  in  single-fre¬ 
quency  amplifier  computations. 

The  plate  efficiency  of  a  power  am¬ 
plifier  tube  is  the  ratio  of  the  ac  power 
output  (P0)  to  the  product  of  the  aver¬ 
age  dc  plate  voltage  (Eb)  and  dc  plate 
current  (Ib)  at  full  signal,  or 

Plate  efficiency  _ _ Po  watts  y  ^00 

%  Eb  volts  X  lb  amperes 

The  power  sensitivity  of  a  tube  is 
the  ratio  of  the  power  output  to  the 
square  of  the  input  signal  voltage  (Em), 
and  is  expressed  in  mhos  as  follows: 

^  .  ,  ,  Po  watts 

Power  sensitivity  (mhos)  =  (E7T~rms)3 
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THE  diversified  applications  of  an 
electron  receiving  tube  have,  within 
the  scope  of  this  section,  been  treated 
under  seven  headings:  Rectification; 
Detection;  Amplification;  TV  Scanning, 
Sync,  and  Deflection;  Oscillation;  Fre¬ 
quency  Conversion;  and  Tuning  Indica¬ 
tion  with  Electron-Ray  Tubes.  Although 
these  operations  may  take  place  at 
either  radio  or  audio  frequencies  and 
may  involve  the  use  of  different  cir¬ 
cuits  and  different  supplemental  parts, 
the  general  considerations  of  each  kind 
of  operation  are  basic* 

General  System  Functions 

When  speech,  music,  or  video  in¬ 
formation  is  transmitted  from  a  radio 
or  television  station,  the  station  radiates 
a  modulated  radio-frequency  (rf)  car¬ 
rier.  The  function  of  a  radio  or  tele¬ 
vision  receiver  is  simply  to  reproduce 
the  modulating  wave  from  the  modu¬ 
lated  carrier. 

As  shown  in  Fig.  14,  a  superhetero¬ 
dyne  radio  receiver  picks  up  the  trans¬ 
mitted  modulated  rf  signal,  amplifies  it 
and  converts  it  to  a  modulated  inter¬ 
mediate-frequency  (if)  signal,  amplifies 
the  modulated  if  signal,  separates  the 
modulating  signal  from  the  basic  car¬ 
rier  wave,  and  amplifies  the  resulting 


audio  signal  to  a  level  sufficient  to  pro¬ 
duce  the  desired  volume  in  a  speaker. 
In  addition,  the  receiver  usually  includes 
some  means  of  producing  automatic 
gain  control  (age)  of  the  modulated 
signal  before  the  audio  information  is 
separated  from  the  carrier. 

The  transmitted  rf  signal  picked  up 
by  the  radio  receiver  may  contain  either 
amplitude  modulation  (AM)  or  fre¬ 
quency  modulation  (FM).  (These  mod¬ 
ulation  techniques  are  described  later 
in  the  section  on  Detection.)  In  either 
case,  amplification  prior  to  the  detector 
stage  is  performed  by  tuned  amplifier 
circuits  designed  for  the  proper  fre¬ 
quency  and  bandwidth.  Frequency  con¬ 
version  is  performed  by  mixer  and 
oscillator  circuits  or  by  a  single  con¬ 
verter  stage  which  performs  both  mixer 
and  oscillator  functions.  Separation  of 
the  modulating  signal  is  normally  ac¬ 
complished  by  one  or  more  diodes  in 
a  detector  or  discriminator  circuit.  Am¬ 
plification  of  the  audio  signal  is  then 
performed  by  one  or  more  audio  am¬ 
plifier  stages. 

Audio-amplifier  systems  for  phono¬ 
graph  or  tape  recordings  are  similar  to 
the  stages  after  detection  in  a  radio 
receiver.  The  input  to  the  amplifier  is  a 
low-power-level  audio  signal  from  the 


Fig.  14 — Simplified  block  diagram  for  a  broadcast-band  receiver v 
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phonograph  or  magnetic-tape  pickup 
head.  This  signal  is  usually  amplified 
through  a  preamplifier  stage,  one  or 
more  low-level  (pre-driver  or  driver) 
audio  stages,  and  an  audio  power  am¬ 
plifier.  The  system  may  also  include 
frequency-selective  circuits  which  act 
as  equalization  networks  and/or  tone 
controls. 

The  operation  of  a  television  re¬ 
ceiver  is  more  complex  than  that  of 
a  radio  receiver,  as  shown  by  the  sim¬ 
plified  block  diagram  in  Fig.  15.  The 
tuner  section  of  the  receiver  selects  the 
proper  rf  signals  for  the  desired  channel 
frequency,  amplifies  them,  and  converts 
them  to  a  lower  intermediate  frequency. 


and  thus  controls  instantaneous  “spot” 
brightness.  At  the  same  time,  deflection 
circuits  cause  the  electron  beam  of  the 
picture  tube  to  move  the  “spot”  across 
the  faceplate  horizontally  and  vertically. 
Special  “sync”  signals  derived  from 
the  video  signal  assure  that  the  hori¬ 
zontal  and  vertical  scanning  are  timed 
so  that  the  picture  produced  on  the  re¬ 
ceiver  exactly  duplicates  the  picture 
being  viewed  by  the  camera  or  pickup 
tube. 

A  communications  transceiver  con¬ 
tains  transmitting  circuits,  as  well  as 
receiving  circuits  similar  to  those  of  a 
radio  receiver.  The  transmitter  portion 
of  such  a  system  consists  of  two  sections. 


Fig.  15— Simplified  block  diagram  for  a  television  receiver , 


As  in  a  radio,  these  functions  are  ac¬ 
complished  in  rf-amplifier,  mixer,  and 
local-oscillator  stages.  The  if  signal  is 
then  amplified  in  if-amplifier  stages 
which  provide  the  additional  gain  re¬ 
quired  to  bring  the  signal  level  to  an 
amplitude  suitable  for  detection. 

After  if  amplification,  the  detected 
signal  is  separated  into  sound  and  pic¬ 
ture  information.  The  sound  signal  is 
amplified  and  processed  to  provide  an 
audio  signal  which  is  fed  to  an  audio 
amplifier  system  similar  to  those  de¬ 
scribed  above.  The  picture  (video)  sig¬ 
nal  is  passed  through  a  video  amplifier 
stage  which  conveys  beam-intensity  in¬ 
formation  to  the  television  picture  tube 


In  one  section,  the  desired  intelligence 
(voice,  code,  or  the  like)  is  picked  up 
and  amplified  through  one  or  more 
amplifier  stages  (which  are  usually  com¬ 
mon  to  the  receiver  portion)  to  a  high- 
level  stage  called  a  modulator.  In  the 
other  section,  an  rf  signal  of  the  desired 
frequency  is  developed  in  an  oscillator 
stage  and  amplified  in  one  or  more 
rf-amplifier  stages.  The  audio-frequency 
(af)  modulating  signal  is  impressed  on 
the  rf  carrier  in  the  final  rf-power- 
amplifier  stage  (high-level  modulation), 
in  the  rf  low-level  stage  (low-level  mod¬ 
ulation),  or  in  both.  Fig.  16  shows  a 
simplified  block  diagram  of  the  trans¬ 
mitter  portion  of  a  citizens-band  trans- 
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Fig.  16 — Simplified  block  diagram  for  the  transmitter  portion  of  a  27 -MHz  communi¬ 
cations  receiver . 


ceiver  that  operates  at  a  frequency  of 
27  MHz  (megacycles  per  second).  The 
transmitting  section  of  a  communica¬ 
tions  system  may  also  include  fre¬ 
quency-multiplier  circuits  which  raise 
the  frequency  of  the  developed  rf  signal 
as  required. 


Rectification 

The  rectifying  action  of  a  diode 
finds  important  applications  in  supply¬ 
ing  a  receiver  with  dc  power  from  an 
ac  line  and  in  supplying  high  dc  voltage 
from  a  high-voltage  pulse.  A  typical 
arrangement  for  converting  ac  to  dc  in¬ 
cludes  a  rectifier  tube,  a  filter,  and  a 
voltage  divider.  The  rectifying  action 
of  the  tube  is  explained  briefly  under 
Diodes,  in  the  Electrons,  Electrodes, 
and  Electron  Tubes  section.  High- 
voltage  pulse  rectification  is  described 
later  under  Horizontal  Output  Circuits* 

The  function  of  a  filter  is  to 
smooth  out  the  ripple  of  the  tube  out¬ 
put,  as  indicated  in  Fig.  17,  and  to 
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17 — Voltage  waveforms  of  full-wave 
rectifier  circuit » 


increase  rectifier  efficiency.  The  action 
of  the  filter  is  explained  in  the  Electron 
Tube  Installation  section  under  Filters, 
The  voltage  divider  is  used  to  cut 
down  the  output  voltage  to  the  values 
required  by  the  plates  and  the  other 
electrodes  of  the  tubes  in  the  receiver. 

A  lialf-wave  rectifier  and  a  full- 
wave  rectifier  circuit  are  shown  in  Fig. 
18.  In  the  half-wave  circuit,  current 


half-wave;  rectifier 


FULL- WAVE  RECTIFIER 


Fig.  18 — Half-wave  and  full-wave  rectifier 
circuits . 

flows  through  the  rectifier  tube  to  the 
filter  on  every  other  half-cycle  of  the  ac 
input  voltage  when  the  plate  is  positive 
with  respect  to  the  cathode.  In  the  full- 
wave  circuit,  current  flows  to  the  filter 
on  every  half-cycle,  through  plate  No.  1 
on  one  half-cycle  when  plate  No.  1  is 
positive  with  respect  to  the  cathode, 
and  through  plate  No.  2  on  the  next 
half-cycle  when  plate  No.  2  is  positive 
with  respect  to  the  cathode. 
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Because  the  current  flow  to  the 
filter  is  more  uniform  in  the  full-wave 
circuit  than  in  the  half-wave  circuit, 
the  output  of  the  full-wave  circuit  re¬ 
quires  less  filtering.  Rectifier  operating 
information  and  circuits  are  given  under 
each  rectifier  tube  type  and  in  the 
Circuits  section,  respectively. 

Parallel  operation  of  rectifier  tubes 
furnishes  an  output  current  greater  than 
that  obtainable  with  the  use  of  one 
tube.  For  example,  when  two  full- 
wave  rectifier  tubes  are  connected  in 
parallel,  the  plates  of  each  tube  are 
connected  together  and  each  tube  acts 
as  a  half-wave  rectifier.  The  permis¬ 
sible  voltage  and  load  conditions  per 
tube  are  the  same  as  for  full -wave 
service  but  the  total  load-handling  capa¬ 
bility  of  the  complete  rectifier  is  ap¬ 
proximately  doubled. 

When  mercury-vapor  rectifier  tubes 
are  connected  in  parallel,  a  stabilizing 
resistor  of  50  to  100  ohms  should  be 
connected  in  series  with  each  plate 
lead  in  order  that  each  tube  will  carry 
an  equal  share  of  the  load.  The  value 
of  the  resistor  to  be  used  will  depend 
on  the  amount  of  plate  current  that 
passes  through  the  rectifier.  Low  plate 
current  requires  a  high  value;  high 
plate  current,  a  low  value.  When  the 
plates  of  mercury-vapor  rectifier  tubes 
are  connected  in  parallel,  the  corre¬ 
sponding  filament  leads  should  be  simi¬ 
larly  connected.  Otherwise,  the  tube 
drops  will  be  considerably  unbalanced 
and  larger  stabilizing  resistors  will  be 
required. 

Two  or  more  vacuum  rectifier 
tubes  can  also  be  connected  in  parallel 
to  give  correspondingly  higher  output 
current  and,  as  a  result  of  paralleling 
their  internal  resistances,  give  some¬ 
what  increased  voltage  output.  With 
vacuum  types,  stabilizing  resistors  may 
or  may  not  be  necessary  depending  on 
the  tube  type  and  the  circuit. 

A  voltage-doubler  circuit  of  simple 
form  is  shown  in  Fig.  19.  The  circuit 
derives  its  name  from  the  fact  that  its 
dc  voltage  output  can  be  as  high  as 
twice  the  peak  value  of  ac  input.  Basic¬ 
ally,  a  voltage  doubler  is  a  rectifier  cir¬ 
cuit  arranged  so  that  the  output  voltages 
of  two  half-wave  rectifiers  are  in  series. 


The  action  of  a  voltage  doubler 
can  be  described  briefly  as  follows.  On 
the  positive  half-cycle  of  the  ac  input, 
that  is,  when  the  upper  side  of  the  ac 
input  line  is  positive  with  respect  to 
the  lower  side,  the  upper  diode  passes 
current  and  feeds  a  positive  charge 
into  the  upper  capacitor.  As  positive 
charge  accumulates  on  the  upper 
plate  of  the  capacitor,  a  positive  volt¬ 
age  builds  up  across  the  capacitor.  On 
the  next  half-cycle  of  the  ac  input, 
when  the  upper  side  of  the  line  is 
negative  with  respect  to  the  lower  side, 
the  lower  diode  passes  current  so  that 


T|,T2=  SEPARATE  FILAMENT 
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Fig.  19 — Full-wave  voltage-doubler  circuit 

a  negative  voltage  builds  up  across  the 
lower  capacitor. 

So  long  as  no  current  is  drawn  at 
the  output  terminals  from  the  capacitor, 
each  capacitor  can  charge  up  to  a  volt¬ 
age  of  magnitude  E,  the  peak  value  of 
the  ac  input.  It  can  be  seen  from  the 
diagram  that  with  a  voltage  of  -{-E  on 
one  capacitor  and  ■  — *E  on  the  other, 
the  total  voltage  across  the  capacitors 
is  2E.  Thus  the  voltage  doubler  supplies 
a  no-load  dc  output  voltage  twice  as 
large  as  the  peak  ac  input  voltage. 
When  current  is  drawn  at  the  output 
terminals  by  the  load,  the  output  volt¬ 
age  drops  below  2E  by  an  amount  that 
depends  on  the  magnitude  of  the  load 
current  and  the  capacitance  of  the 
capacitors.  The  arrangement  shown  in 
Fig.  19  is  called  a  full-wave  voltage 
doubler  because  each  rectifier  passes 
current  to  the  load  on  each  halt  of  the 
ac  input  cycle. 

Two  rectifier  types  especially  de¬ 
signed  for  use  as  voltage  doublers  are 
the  25Z6GT  and  117Z6GT.  These  tubes 
combine  two  separate  diodes  in  one 
tube.  As  voltage  doublers,  the  tubes  are 
used  in  “transformerless”  receivers.  In 
these  receivers,  the  heaters  of  all  tubes 
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Fig.  20 — Full-wave  and  half-wave  voltage-doubler  circuits  showing  heater-supply 

connections. 


in  the  set  are  connected  in  series  with  a 
voltage-dropping  resistor  across  the  line. 
The  connections  for  the  heater  supply 
and  the  voltage-doubling  circuit  are 
shown  in  Fig.  20. 

With  the  full-wave  voltage-doubler 
circuit  in  Fig.  20,  it  will  be  noted  that 
the  dc  load  circuit  can  not  be  connected 
to  ground  or  to  one  side  of  the  ac  supply 
line.  This  circuit  presents  certain  dis¬ 
advantages  when  the  heaters  of  all  the 
tubes  in  the  set  are  connected  in  series 
with  a  resistance  across  the  ac  line. 
Such  a  circuit  arrangement  may  cause 
hum  because  of  the  high  ac  potential 
between  the  heaters  and  cathodes  of  the 
tubes. 

The  half-wave  voltage-doubler  cir¬ 
cuit  in  Fig.  20  overcomes  this  difficulty 
by  making  one  side  of  the  ac  line  com¬ 
mon  with  the  negative  side  of  the  dc 
load  circuit.  In  this  circuit,  one  half  of 
the  tube  is  used  to  charge  a  capacitor 
which,  on  the  following  half  cycle,  dis¬ 
charges  in  series  with  the  line  voltage 
through  the  other  half  of  the  tube. 
This  circuit  is  called  a  half-wave  volt¬ 
age  doubler  because  rectified  current 
flows  to  the  load  only  on  alternate 
halves  of  the  ac  input  cycle.  The  volt¬ 
age  regulation  of  this  arrangement  is 
somewhat  poorer  than  that  of  the  full- 
wave  voltage  doubler. 


Detection 

When  speech,  music,  or  video  in¬ 
formation  is  transmitted  from  a  radio 
or  television  station,  the  station  radiates 
a  radio-frequency  (rf)  wave  which  is 
of  either  of  two  general  types.  In  one 
type,  the  wave  is  said  to  be  amplitude 
modulated  when  its  frequency  remains 
constant  and  the  amplitude  is  varied. 
In  the  other  type,  the  wave  is  said 
to  be  frequency  modulated  when  its 
amplitude  remains  essentially  constant 
but  its  frequency  is  varied. 

The  function  of  the  receiver  is  to 
reproduce  the  original  modulating  wave, 
from  the  modulated  rf  wave.  The  re¬ 
ceiver  stage  in  which  this  function  is 
performed  is  called  the  demodulator  or 
detector  stage. 

AM  Detection 

The  effect  of  amplitude  modula¬ 
tion  on  the  waveform  of  the  rf  wave  is 
shown  in  Fig.  21.  There  are  three  differ¬ 
ent  basic  circuits  used  for  the  detection 
of  amplitude-modulated  waves:  the  di¬ 
ode  detector,  the  grid-bias  detector,  and 
the  grid-resistor  detector.  These  circuits 
are  alike  in  that  they  eliminate,  either 
partially  or  completely,  alternate  half- 
cycles  of  the  rf  wave.  With  alternate 
half-cycles  removed,  the  audio  varia¬ 
tions  of  the  other  half-cycles  can  be 
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effect  of  amplitude  modulation  on  an  rf  wave • 


20 


RCA  Receiving  Tube  Manual 


amplified  to  drive  headphones  or  a  loud- 
speaker. 

A  diode-detector  circuit  is  shown 
In  Fig.  22.  The  action  of  this  circuit 
when  a  modulated  rf  wave  is  applied  is 


Fig.  22 — Basic  diode-detector  circuit . 
illustrated  by  Fig.  23.  The  rf  voltage 

applied  to  the  circuit  is  shown  in  light 
line;  the  output  voltage  across  capacitor 
C  is  shown  in  heavy  line. 

Between  points  (a)  and  (b)  on  the 
first  positive  half-cycle  of  the  applied  rf 
voltage,  capacitor  C  charges  up  to  the 
peak  value  of  the  rf  voltage.  Then  as 
the  applied  rf  voltage  falls  away  from 
its  peak  value,  the  capacitor  holds  the 
cathode  at  a  potential  more  positive 
than  the  voltage  applied  to  the  anode. 


Fig.  23 — Waveforms  showing  modulated  rf 
input  ( light  line)  and  output  voltage  (heavy 
line )  of  diode-detector  circuit. 

The  capacitor  thus  temporarily  cuts  off 
current  through  the  diode.  While  the 
diode  current  is  cut  off,  the  capacitor 
discharges  from  (b)  to  (c)  through  the 
diode  load  resistor  R. 

When  the  rf  voltage  on  the  anode 
rises  high  enough  to  exceed  the  potential 
at  which  the  capacitor  holds  the  cath¬ 
ode,  current  flows  again  and  the  capaci¬ 
tor  charges  up  to  the  peak  value  of  the 
second  positive  half-cycle  at  (d).  In  this 
way,  the  voltage  across  the  capacitor 
follows  the  peak  value  of  the  applied  rf 
voltage  and  reproduces  the  af  modu¬ 
lation. 

The  curve  for  voltage  across  the 
capacitor,  as  shown  in  Fig.  23,  is  some¬ 
what  jagged.  However,  this  jaggedness* 
which  represents  an  rf  component  In 
the  voltage  across  the'  capacitor,  is 


exaggerated  in  the  drawing.  In  an  actual 
circuit  the  rf  component  of  the  voltage 
across  the  capacitor  is  negligible.  Hence, 
when  the  voltage  across  the  capacitor 
is  amplified,  the  output  of  the  amplifier 
reproduces  the  speech  or  music  originat¬ 
ing  at  the  transmitting  station. 

Another  way  to  describe  the  action 
of  a  diode  detector  is  to  consider  the 
circuit  as  a  half -wave  rectifier.  When 
the  rf  signal  on  the  plate  swings  posi¬ 
tive,  the  tube  conducts  and  the  rectified 
current  flows  through  the  load  resistance 
R.  Because  the  dc  output  voltage  of  a 
rectifier  depends  on  the  voltage  of  the 
ac  input,  the  dc  voltage  across  C 
varies  in  accordance  with  the  amplitude 
of  the  rf  carrier  and  thus  reproduces 
the  af  signal.  Capacitor  C  should  be 
large  enough  to  smooth  out  rf  or  if 
variations,  but  should  not  be  so  large 
as  to  affect  the  audio  variations.  Two 
diodes  can  be  connected  in  a  circuit 
similar  to  a  full-wave  rectifier  to  pro¬ 
vide  full- wave  detection.  However,  in 
practice,  the  advantages  of  this  con¬ 
nection  generally  do  not  justify  the 
extra  circuit  complication. 

The  diode  method  of  detection 
produces  less  distortion  than  other 
methods  because  the  dynamic  character¬ 
istics  of  a  diode  can  be  made  more 
linear  than  those  of  other  detectors. 
The  disadvantages  of  a  diode  are  that 
it  does  not  amplify  the  signal,  and  that 
it  draws  current  from  the  input  circuit 
and  therefore  reduces  the  selectivity  of 
the  input  circuit.  However,  because  the 
diode  method  of  detection  produces  less 
distortion  and  because  it  permits  the 
use  of  simple  avc  circuits  without  the 
necessity  for  an  additional  voltage  sup¬ 
ply,  the  diode  method  of  detection  is 
most  widely  used  in  broadcast  receivers. 

A  typical  diode-detector  circuit 
using  a  twin-diode— tri ode  tube  is  shown 
in  Fig.  24.  Both  diodes  are  connected 
together.  Rx  is  the  diode  load  resistor. 
A  portion  of  the  af  voltage  developed 
across  this  resistor  is  applied  to  the 
triode  grid  through  the  volume  control 
:Rs,  In  a  typical  circuit,  resistor  Ri  may 
be  tapped  so  that  five-sixths  of  the 
total  af  voltage  across  Rx  is  applied  to 
the  volume  control.  This  tapped  con- 
ne^tiOB  reduces  the  af  voltage  output 
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Fig.  24 — Typical  diode-detector  circuit 
using  a  twin  diode— triode  tube. 


of  the  detector  circuit  slightly,  but  it 
reduces  audio  distortion  and  improves 
the  rf  filtering. 

DC  bias  for  the  triode  section  is 
provided  by  the  cathode-bias  resistor  R2 
and  the  audio  bypass  capacitor  C3.  The 
function  of  capacitor  C2  is  to  block  the 
dc  bias  of  the  cathode  from  the  grid. 
The  function  of  capacitor  C4  is  to  by¬ 
pass  any  rf  voltage  on  the  grid  to  cath¬ 
ode.  A  twin-diode—pentode  may  also  be 
used  in  this  circuit.  With  a  pentode, 
the  af  output  should  be  resistance- 
coupled  rather  than  transformer-cou¬ 
pled. 

Another  diode-detector  circuit, 
called  a  diode-biased  circuit,  is  shown 
in  Fig,  25.  In  this  circuit,  the  triode  grid 


Fig.  25 — Diode-biased  detector  circuit . 

is  connected  directly  to  a  tap  on  the 
diode  load  resistor.  When  an  rf  signal 
voltage  is  applied  to  the  diode,  the  dc 
voltage  at  the  tap  supplies  bias  to  the 
triode  grid.  When  the  rf  signal  is  modu¬ 
lated,  the  af  voltage  at  the  tap  is  applied 
to  the  grid  and  is  amplified  by  the 
triode. 

The  advantage  of  the  circuit  shown 
in  Fig.  25  over  the  self-biased  arrange¬ 
ment  shown  in  Fig.  24  is  that  the 
diode-biased  circuit  does  not  employ  a 
capacitor  between  the  grid  and  the 
diode  load  resistor,  and  consequently 
does  not  produce  as  much  distortion  of 
a  signal  having  a  high  percentage  of 
modulation. 

However,  there  are  restrictions  on 


the  use  of  the  diode-biased  circuit.  Be¬ 
cause  the  bias  voltage  on  the  triode  de¬ 
pends  on  the  average  amplitude  of  the 
rf  voltage  applied  to  the  diode,  the 
average  amplitude  of  the  voltage  ap¬ 
plied  to  the  diode  should  be  constant 
for  all  values  of  signal  strength  at  the 
antenna.  Otherwise  there  will  be  differ¬ 
ent  values  of  bias  on  the  triode  grid 
for  different  signal  strengths  and  the 
triode  will  produce  distortion.  Because 
there  is  no  bias  applied  to  the  diode- 
biased  triode  when  no  rf  voltage  is 
applied  to  the  diode,  sufficient  resist¬ 
ance  should  be  included  in  the  plate 
circuit  of  the  triode  to  limit  its  zero- 
bias  plate  current  to  a  safe  value. 

These  restrictions  mean,  in  prac¬ 
tice,  that  the  receiver  should  have  a 
separate-channel  automatic-volume-con¬ 
trol  (avc)  system.  With  such  an  avc 
system,  the  average  amplitude  of  the 
signal  voltage  applied  to  the  diode  can 
be  held  within  very  close  limits  for  all 
values  of  signal  strength  at  the  antenna. 

The  tube  used  in  a  diode-biased 
circuit  should  be  one  which  operates  at 
a  fairly  large  value  of  bias  voltage.  The 
variations  in  bias  voltage  are  then  a 
small  percentage  of  the  total  bias  and 
hence  produce  small  distortion.  Tubes 
taking  a  fairly  large  bias  voltage  are 
types  such  as  the  6BF6  or  6SR7  having 
a  medium-mu  triode.  Tube  types  having 
a  high-mu  triode  or  a  pentode  should 
not  be  used  in  a  diode-biased  circuit. 

A  grid -bias  detector  circuit  is 
shown  in  Fig.  26.  In  this  circuit,  the 
grid  is  biased  almost  to  cutoff,  i.e., 
operated  so  that  the  plate  current  with 
zero  signal  is  practically  zero.  The  bias 
voltage  can  be  obtained  from  a  cathode- 
bias  resistor,  a  C-battery,  or  a  bleeder 
tap.  Because  of  the  high  negative  bias, 
only  the  positive  half-cycles  of  the  rf 
signal  are  amplified  by  the  tube.  The 
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signal  is,  therefore,  detected  in  the 
plate  circuit.  The  advantages  of  this 
method  of  detection  are  that  it  am¬ 
plifies  the  signal,  besides  detecting  it, 
and  that  it  does  not  draw  current  from 
the  input  circuit  and  therefore  does  not 
reduce  the  selectivity  of  the  input 
circuit. 

The  grid -resislor-and -capacitor 
method,  illustrated  in  Fig.  27,  is  some¬ 
what  more  sensitive  than  the  grid-bias 
method  and  gives  its  best  results  on 
weak  signals.  In  this  circuit,  there  is  no 
negative  dc  bias  voltage  applied  to  the 
grid.  Hence,  on  the  positive  half-cycles 
of  the  rf  signal,  current  flows  from  grid 
to  cathode.  The  grid  and  cathode  thus 
act  as  a  diode  detector,  with  the  grid 
resistor  as  the  diode  load  resistor  and 
the  grid  capacitor  as  the  rf  bypass 
capacitor.  The  voltage  across  the  capac¬ 
itor  then  reproduces  the  af  modulation 
in  the  same  manner  as  has  been  ex¬ 
plained  for  the  diode  detector.  This 
voltage  appears  between  the  grid  and 
cathode  and  is  therefore  amplified  in 
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Fig.  27 — Detector  circuit  using  grid-resistor - 
and-capacitor  bias. 

the  plate  circuit.  The  output  voltage 
thus  reproduces  the  original  af  signal. 

In  this  detector  circuit,  the  use  of 
a  high-resistance  grid  resistor  increases 
selectivity  and  sensitivity.  However,  im¬ 
proved  af  response  and  stability  are  ob¬ 
tained  with  lower  values  of  grid-circuit 
resistance.  This  detector  circuit  ampli¬ 
fies  the  signal,  but  draws  current  from 
the  input  circuit  and  therefore  reduces 
the  selectivity  of  the  input  circuit. 

FM  Detection 

The  effect  of  frequency  modulation 
on  the  waveform  of  the  rf  wave  is 
shown  in  Fig.  28.  In  this  type  of  trans¬ 
mission,  the  frequency  of  the  rf  wave 
deviates  from  a  mean  value,  at  an  rf 
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FREQUENCY- MODULATED  RF  WAVE/ 

Fig.  28 — Waveforms  showing  effect  of 
frequency  modulation  on  an  rf  wave . 

rate  depending  on  the  modulation,  by 
an  amount  that  is  determined  in  the 
transmitter  and  is  proportional  to  the 
amplitude  of  the  af  modulation  signal. 

For  this  type  of  modulation,  a  de¬ 
tector  is  required  to  discriminate  be¬ 
tween  deviations  above  and  below  the 
mean  frequency  and  to  translate  those 
deviations  into  a  voltage  whose  ampli¬ 
tude  varies  at  audio  frequencies.  Since 
the  deviations  occur  at  an  audio  fre¬ 
quency,  the  process  is  one  of  demodula¬ 
tion,  and  the  degree  of  frequency  devia¬ 
tion  determines  the  amplitude  of  the 
demodulated  (af)  voltage. 

A  simple  circuit  for  converting  fre¬ 
quency  variations  to  amplitude  varia¬ 
tions  is  a  circuit  which  is  tuned  so  that 
the  mean  radio  frequency  is  on  one 
slope  of  its  resonance  characteristic,  as 
at  A  of  Fig.  29.  With  modulation,  the 


Fig.  29 — Resonance  curve  showing  desired 
operating  range  for  frequency-modulation 
converter . 
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frequency  swings  between  B  and  C,  and 
the  voltage  developed  across  the  circuit 
varies  at  the  modulating  rate.  In  order 
that  no  distortion  will  be  introduced  in 
this  circuit,  the  frequency  swing  must 
be  restricted  to  the  portion  of  the  slope 
which  is  effectively  straight.  Since  this 
portion  is  very  short,  the  voltage  de¬ 
veloped  is  low.  Because  of  these  limita¬ 
tions,  this  circuit  is  not  commonly  used 
but  it  serves  to  illustrate  the  principle. 

The  faults  of  the  simple  circuit  are 
overcome  in  a  push-pull  arrangement, 
such  as  that  shown  in  Fig.  30,  called  a 
balanced  phase-shift  discriminator.  In 
this  detector,  the  mutually  coupled 
tuned  circuits  in  the  primary  and  sec¬ 
ondary  windings  of  the  transformer  T 
are  tuned  to  the  center  frequency.  A 
characteristic  of  a  double-tuned  trans¬ 
former  is  that  the  voltages  in  the  primary 
and  secondary  windings  are  90  degrees 
out  of  phase  at  resonance,  and  that  the 
phase  shift  changes  as  the  frequency 
changes  from  resonance.  Therefore,  the 
signal  applied  to  the  diodes  and  the  RC 
combinations  for  peak  detection  also 
changes  with  frequency. 

Because  the  secondary  winding  of 
the  transformer  T  is  center-tapped,  the 
applied  primary  voltage  EP  is  added 
to  one-half  the  secondary  voltage  E* 
through  the  capacitor  Ci.  The  addition 
of  these  voltages  at  resonance  can  be 
represented  by  the  diagram  in  Fig.  31(a); 
the  resultant  voltage  Ei  is  the  signal 
applied  to  one  peak-detector  network 
consisting  of  one  diode  and  its  RC  load. 
When  the  signal  frequency  decreases 
(from  resonance),  the  phase  shift  of 
Eh/2  becomes  greater  than  90  degrees, 
as  shown  at  (b)  in  Fig.  31,  and  Ei  be¬ 
comes  smaller.  When  the  signal  fre¬ 


quency  increases  (above  resonance),  the 
phase  shift  of  E9/2  is  less  than  90  de¬ 
grees  as  shown  at  (c),  and  Ei  becomes 


Fig,  31 — Diagram  illustrating  phase  shift 
in  double-timed  transformer  (a)  at  reaso - 
nance ,  (b)  below  resonance ,  and  (c)  above 
reasonance. 

larger.  The  curve  of  Ei  as  a  function  of 
frequency  in  Fig.  32  is  readily  identified 
as  the  response  curve  of  an  FM  detector. 


Fig.  33 — Diagram  showing  resultant  volt¬ 
age  Et  in  Fig.  31  as  a  function  of  frequency. 

Because  the  discriminator  circuit 
shown  in  Fig.  30  uses  a  push-pull  con¬ 
figuration,  the  diodes  conduct  on  alter¬ 
nate  half-cycles  of  the  signal  frequency 
and  produce  a  plus-and-minus  output 
with  respect  to  zero  rather  than  with 
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respect  to  JEi.  The  primary  advantage 
of  this  arrangement  is  that  there  is  no 
output  at  resonance.  When  an  FM  sig¬ 
nal  is  applied  to  the  input,  the  audio 
output  voltage  varies  above  and  below 
zero  as  the  instantaneous  frequency 
varies  above  and  below  resonance.  The 
frequency  of  this  audio  voltage  is  de¬ 
termined  by  the  modulation  frequency 
of  the  FM  signal,  and  the  amplitude  of 
the  voltage  is  proportional  to  the  fre¬ 
quency  excursion  from  resonance.  (The 
resistor  R2  in  the  circuit  provides  a  dc 
return  for  the  diodes,  and  also  maintains 
a  load  impedance  across  the  primary 
winding  of  the  transformer.) 

One  disadvantage  of  the  balanced 
phase-shift  discriminator  shown  in  Fig. 
30  is  that  it  detects  audio  modulation 
(AM)  as  well  as  frequency  modulation 
(FM)  in  the  if  signal  because  the  cir¬ 
cuit  is  balanced  only  at  the  center  fre¬ 
quency.  At  frequencies  off  resonance, 
any  variation  in  amplitude  of  the  if 
signal  is  reproduced  to  some  extent  in 
the  audio  output. 

The  ratio-detector  circuit  shown  in 
Fig.  33  is  a  discriminator  circuit  which 
has  the  advantage  of  being  relatively 


placed  “back-to-back”  (in  series,  rather 
than  in  push-pull)  so  that  both  halves 
of  the  circuit  operate  simultaneously 
during  one-half  of  the  signal  frequency 
cycle  (and  are  cut  off  on  the  other  half- 
cycle).  As  a  result,  the  detected  voltages 
Ei  and  E2  are  in  series,  as  shown  for 
the  instantaneous  polarities  that  occur 
during  the  conduction  half-cycle.  When 
the  audio  output  is  taken  between 
the  equal  capacitors  Ci  and  C2,  there¬ 
fore,  the  output  voltage  is  equal  to 
(Eo— Ei)/ 2  (for  equal  resistors  Ri  and 
R2). 

The  dc  circuit  of  the  ratio  detector 
consists  of  a  path  through  the  secondary 
winding  of  the  transformer,  both  diodes 
(which  are  in  series),  and  resistors  Ri 
and  R2.  The  value  of  the  electrolytic 
capacitor  G$  is  selected  so  that  the  time 
constant  of  Ri,  R2,  and  C3  is  very  long 
compared  to  the  detected  audio  signal. 
As  a  result,  the  sum  of  the  detected 
voltages  (Ei  -f  Ea)  is  a  constant  and  the 
AM  components  on  the  signal  frequency 
are  suppressed.  This  feature  of  the  ratio 
detector  provides  improved  AM  rejec¬ 
tion  as  compared  to  the  phase-shift 
discriminator  circuit  shown  in  Fig.  30. 


insensitive  to  amplitude  variations  in 
the  FM  signal.  In  this  circuit,  EP  is 
added  to  E„/2  through  the  mutual 
coupling  Ms  (this  voltage  addition  may 
be  made  by  either  mutual  or  capacitive 
coupling).  Because  of  the  phase-shift 
relationship  of  these  voltages,  the  re¬ 
sultant  detected  signals  vary  with  fre¬ 
quency  variations  in  the  same  manner 
as  described  for  the  phase-shift  discrimi¬ 
nator  circuit  shown  in  Fig.  30.  However, 
the  diodes  in  the  ratio  detector  are 


Amplification 

The  amplifying  action  of  an  elec¬ 
tron  tube  was  mentioned  under  Triodes 
in  the  section  on  Electrons,  Electrodes, 
and  Electron  Tubes.  This  action  can 
be  utilized  in  electronic  circuits  in  a 
number  of  ways,  depending  upon  the 
results  desired.  Four  classes  of  am¬ 
plifier  service  recognized  by  engineers 
are  covered  by  definitions  standardized 
by  the  Institute  of  Radio  Engineers 
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(now  the  Institute  of  Electrical  and 
Electronics  Engineers).  This  classifica¬ 
tion  depends  primarily  on  the  fraction 
of  input  cycle  during  which  plate  cur¬ 
rent  is  expected  to  flow  under  rated 
full-load  conditions.  The  classes  are 
class  A,  class  AB,  class  B,  and  class  C. 
The  term  “cutoff  bias”  used  in  these 
definitions  is  the  value  of  grid  bias  at 
which  plate  current  is  very  small. 

Classes  of  Service 

A  class  A  amplifier  is  an  amplifier 
in  which  the  grid  bias  and  alternating 
grid  voltages  are  such  that  plate  current 
in  a  specific  tube  flows  at  all  times. 

A  class  AB  amplifier  is  an  ampli¬ 
fier  in  which  the  grid  bias  and  alter¬ 
nating  grid  voltages  are  such  that  plate 
current  in  a  specific  tube  flows  for  ap¬ 
preciably  more  than  half  but  less  than 
the  entire  electrical  cycle. 

A  class  B  amplifier  is  an  amplifier 
in  which  the  grid  bias  is  approximately 
equal  to  the  cutoff  value,  so  that  the 
plate  current  is  approximately  zero 
when  no  exciting  grid  voltage  is  applied, 
and  so  that  plate  current  in  a  specific 
tube  flows  for  approximately  one-half 
of  each  cycle  when  an  alternating  grid 
voltage  is  applied. 

A  class  C  amplifier  is  an  amplifier 
in  which  the  grid  bias  is  appreciably 
greater  than  the  cutoff  value,  so  that  the 
plate  current  in  each  tube  is  zero  when 
no  alternating  grid  voltage  is  applied, 
and  so  that  plate  current  flows  in  a 
specific  tube  for  appreciably  less  than 
one-half  of  each  cycle  when  an  alter¬ 
nating  grid  voltage  is  applied. 

The  suffix  1  may  be  added  to  the 
letter  or  letters  of  the  class  identifica¬ 
tion  to  denote  that  grid  current  does 
not  flow  during  any  part  of  the  input 
cycle.  The  suffix  2  may  be  used  to 
denote  that  grid  current  flows  during 
part  of  the  cycle. 

For  radio-frequency  (rf)  amplifiers 
which  operate  into  a  selective  tuned 
circuit,  as  in  radio  transmitter  applica¬ 
tions,  or  under  requirements  where  dis¬ 
tortion  is  not  an  important  factor,  any 
of  the  above  classes  of  amplifiers  may 
be  used,  either  with  a  single  tube  or 
with  a  push-pull  stage.  For  audio¬ 
frequency  (af)  amplifiers  in  which  dis- 
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tortion  is  an  important  factor,  only 
class  A  amplifiers  permit  single-tube 
operation.  In  this  case,  operating  con¬ 
ditions  are  usually  chosen  so  that  dis¬ 
tortion  is  kept  below  the  conventional 
5  per  cent  for  Modes  and  the  con¬ 
ventional  7  to  10  per  cent  for  tetrodes 
or  pentodes.  Distortion  can  be  reduced 
below  these  figures  by  means  of  special 
circuit  arrangements  such  as  that  dis¬ 
cussed  under  inverse  feedback.  With 
class  A  amplifiers,  reduced  distortion 
with  improved  power  performance  can 
be  obtained  by  using  a  push-pull  stage 
for  audio  service.  With  class  AB  and 
class  B  amplifiers,  a  balanced  stage 
using  two  tubes  is  required  for  audio 
service. 

Class  A  Voltage  Amplifiers 

As  a  class  A  voltage  amplifier,  an 
electron  tube  is  used  to  reproduce  grid- 
voltage  variations  across  an  impedance 
or  a  resistance  in  the  plate  circuit. 
These  variations  are  essentially  of  the 
same  form  as  the  input  signal  voltage 
impressed  on  the  grid,  but  their  am¬ 
plitude  is  increased.  This  increase  is 
accomplished  by  operation  of  the  tube 
at  a  suitable  grid  bias  so  that  the 
applied  grid  input  voltage  produces 
plate-current  variations  proportional  to 
the  signal  swings.  Because  the  voltage 
variation  obtained  in  the  plate  circuit 
is  much  larger  than  that  required  to 
swing  the  grid,  amplification  of  the 
signal  is  obtained. 

Fig.  34  gives  a  graphical  illustra¬ 
tion  of  this  method  of  amplication  and 
shows,  by  means  of  the  grid-voltage  vs. 
plate-current  characteristics  curve,  the 
effect  of  an  input  signal  (S)  applied  to 
the  grid  of  a  tube.  The  output  signal  (O) 


Fig.  34 — Current  characteristics  of  class  A 
amplifier , 
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is  the  resulting  amplified  plate-current 
variation. 

The  plate  current  flowing  through 
the  load  resistance  (R)  of  Fig.  35 
causes  a  voltage  drop  which  varies  di¬ 
rectly  with  the  plate  current.  The  ratio 
of  this  voltage  variation  produced  in  the 
load  resistance  to  the  input  signal  volt- 


Fig.  35 — Triode  amplifier  circuit . 


age  is  the  voltage  amplification,  or  gain, 
provided  by  the  tube.  The  voltage  am¬ 
plification  due  to  the  tube  is  expressed 
by  the  following  convenient  formulas: 

Voltage  amplification  = 

gm  X  fp  X  Rn 
1000000  x  (fp  +  Rn) 

where  ,u  is  the  amplification  factor  of 
the  tube,  Rl  is  the  load  resistance  in 
ohms,  rP  is  the  plate  resistance  in  ohms, 
and  gm  is  the  transconductance  in 
micromhos. 

From  the  first  formula,  it  can  be 
seen  that  the  gain  actually  obtainable 
from  the  tube  is  less  than  the  tube 
amplification  factor,  but  that  the  gain 
approaches  the  amplification  factor 
when  the  load  resistance  is  large  com¬ 
pared  to  the  tube  plate  resistance.  Fig. 
36  shows  graphically  how  the  gain  ap¬ 
proaches  the  amplification  factor  of  the 
tube  as  the  load  resistance  is  increased. 


From  the  curve  it  can  be  seen  that  a 
high  value  of  load  resistance  should  be 
used  to  obtain  high  gain  in  a  voltage 
amplifier. 

In  a  resistance -coupled  amplifier, 
the  load  resistance  of  the  tube  is  ap¬ 
proximately  equal  to  the  resistance  of 
the  plate  resistor  in  parallel  with  the 
grid  resistor  of  the  following  stage. 
Hence,  to  obtain  a  large  value  of  load 
resistance,  it  is  necessary  to  use  a  plate 
resistor  and  a  grid  resistor  of  large 
resistance.  However,  the  plate  resistor 
should  not  be  too  large  because  the 
flow  of  plate  current  through  the  plate 
resistor  produces  a  voltage  drop  which 
reduces  the  plate  voltage  applied  to  the 
tube.  If  the  plate  resistor  is  too  large, 
this  drop  will  be  too  large,  the  plate 
voltage  on  the  tube  will  be  too  small, 
and  the  voltage  output  of  the  tube  will 
be  too  small.  Also,  the  grid  resistor 
of  the  following  stage  should  not  be 
too  large,  the  actual  maximum  value 
being  dependent  on  the  particular  tube 
type.  This  precaution  is  necessary  be¬ 
cause  all  tubes  contain  minute  amounts 
of  residual  gas  which  cause  a  minute 
flow  of  current  through  the  grid  resistor. 
If  the  grid  resistor  is  too  large,  the  posi¬ 
tive  bias  developed  by  the  flow  of  this 
current  through  the  resistor  decreases 
the  normal  negative  bias  and  produces 
an  increase  in  the  plate  current.  This 
increased  current  may  overheat  the  tube 
and  cause  liberation  of  more  gas  which, 
in  turn,  will  cause  further  decrease  in 
bias.  The  action  is  cumulative  and  re¬ 
sults  in  a  runaway  condition  which  can 
destroy  the  tube. 

A  higher  value  of  grid  resistance 
is  permissible  when  cathode-resistor  bias 
is  used  than  when  fixed  bias  is  used. 


Fig .  36 — Gain  curve  for  triode  amplifier  circuit . 
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When  cathode-resistor  bias  is  used,  a 
loss  in  bias  due  to  gas  or  grid-emission 
effects  is  almost  completely  offset  by  an 
increase  in  bias  due  to  the  voltage  drop 
across  the  cathode  resistor.  Typical  val¬ 
ues  of  plate  resistor  and  grid  resistor 
for  tube  types  used  in  resistance-coupled 
circuits,  and  the  values  of  gain  obtain¬ 
able,  are  shown  in  the  Resistance- 
Coupled  Amplifier  section. 

The  input  impedance  of  an  elec¬ 
tron  tube  (that  is,  the  impedance  be¬ 
tween  grid  and  cathode)  consists  of 

(1)  a  reactive  component  due  to  the 
capacitance  between  grid  and  cathode, 

(2)  a  resistive  component  resulting  from 
the  time  of  transit  of  electrons  between 
cathode  and  grid,  and  (3)  a  resistive 
component  developed  by  the  part  of 
the  cathode  lead  inductance  which  is 
common  to  both  the  input  and  output 
circuits.  Components  (2)  and  (3)  are 
dependent  on  the  frequency  of  the  in¬ 
coming  signal.  The  input  impedance  is 
very  high  at  audio  frequencies  when 
a  tube  is  operated  with  its  grid  biased 
negative.  In  a  class  Ai  or  ABi  trans¬ 
former-coupled  audio  amplifier,  there¬ 
fore,  the  loading  imposed  by  the  grid 
on  the  input  transformer  is  negligible. 
As  a  result,  the  secondary  impedance 
of  a  class  Ai  or  class  ABi  input  trans¬ 
former  can  be  made  very  high  because 
the  choice  is  not  limited  by  the  input 
impedance  of  the  tube;  however,  trans¬ 
former  design  considerations  may  limit 
the  choice. 

At  the  higher  radio  frequencies, 
the  input  impedance  may  become  very 
low  even  when  the  grid  is  negative,  due 
to  the  finite  time  of  passage  of  elec¬ 
trons  between  cathode  and  grid  and  to 
the  appreciable  lead  reactance.  This 
impedance  drops  very  rapidly  as  the 
frequency  is  raised,  and  increases  input- 
circuit  loading.  In  fact,  the  input  im¬ 
pedance  may  become  low  enough  at 
very  high  radio  frequencies  to  affect 
the  gain  and  selectivity  of  a  preceding 
stage  appreciably.  Tubes  such  as  the 
“acorn”  and  “pencil”  types  and  the 
high-frequency  miniatures  have  been 
developed  to  have  low  input  capac¬ 
itances,  low  electron-transit  time,  and 
low  lead  inductance  so  that  their  input 
impedance  is  high  even  at  the  ultra- 


high  radio  frequencies.  Input  ad¬ 
mittance  is  the  reciprocal  of  input 
impedance. 

A  remote-cutoff  amplifier  tube  is 
a  modified  construction  of  a  pentode 
or  a  tetrode  type  designed  to  reduce 
modulation-distortion  and  cross-modu¬ 
lation  in  radio-frequency  stages.  Cross- 
modulation  is  the  effect  produced  in  a 
radio  or  television  receiver  by  an  in¬ 
terfering  station  “riding  through”  on 
the  carrier  of  the  station  to  which  the 
receiver  is  tuned.  Modulation-distortion 
is  a  distortion  of  the  modulated  carrier 
and  appears  as  audio-frequency  distor¬ 
tion  in  the  output.  This  effect  is  pro¬ 
duced  by  a  radio-frequency  amplifier 
stage  operating  on  an  excessively  curved 
characteristic  when  the  grid  bias  has 
been  increased  to  reduce  volume.  The 
offending  stage  for  cross-modulation  is 
usually  the  first  radio-frequency  am¬ 
plifier,  while  for  modulation-distortion 
the  cause  is  usually  the  last  interme¬ 
diate-frequency  stage.  The  character¬ 
istics  of  remote-cutoff  types  are  such 
as  to  enable  them  to  handle  both  large 
and  small  input  signals  with  minimum 
distortion  over  a  wide  range  of  signal 
strength. 

Fig.  37  illustrates  the  construction 
of  the  grid  No.  1  (control  grid)  in  a 
remote-cutoff  tube.  The  remote-cutoff 


CATHODEv  PLATE 


SUPPRESSOR  GRID  SCREEN 
GRID  GRID 

Fig.  37 — Structure  of  remote-cutoff  grid. 

action  is  due  to  the  structure  of  the  grid 
which  provides  a  variation  in  amplifica¬ 
tion  factor  with  change  in  grid  bias.  The 
grid  No.  1  is  wound  with  open  spacing 
at  the  middle  and  with  close  spacing 
at  the  ends.  When  weak  signals  and 
low  grid  bias  are  applied  to  the  tube, 
the  effect  of  the  non-uniform  turn  spac¬ 
ing  of  the  grid  on  cathode  emission  and 
tube  characteristics  is  essentially  tffe 
same  as  for  uniform  spacing.  As  the 
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grid  bias  is  made  more  negative  to 
handle  larger  input  signals,  the  electron 
flow  from  the  sections  of  the  cathode 
enclosed  by  the  ends  of  the  grid  is 
cut  oft.  The  plate  current  and  other 
tube  characteristics  are  then  dependent 
on  the  electron  flow  through  the  open 
section  of  the  grid.  This  action  changes 
the  gain  of  the  tube  so  that  large 
signals  may  be  handled  with  minimum 
distortion  due  to  cross-modulation  and 
modulation-distortion. 

Fig.  38  shows  a  typical  plate-cur- 
rent  vs.  grid-voltage  curve  for  a  remote- 
cutoff  type  compared  with  the  curve 


Fig.  38 — Plate-current  curves  for  triodes 
having  remote-cutoff  and  uniformly  spaced 
grids . 

for  a  type  having  a  uniformly  spaced 
grid.  It  will  be  noted  that  while  the 
curves  are  similar  at  small  grid-bias 
voltages,  the  plate  current  of  the  re¬ 
mote-cutoff  tube  drops  quite  slowly 
with  large  values  of  bias  voltage.  This 
slow  change  makes  it  possible  for  the 
tube  to  handle  large  signals  satisfac¬ 
torily.  Because  remote-cutoff  types  can 
accommodate  large  and  small  signals, 
they  are  particularly  suitable  for  use 
in  sets  having  automatic  volume  con¬ 
trol.  Remote-cutoff  tubes  also  are 
known  as  variable-null  types. 

Class  A  Power  Amplifiers 

As  a  class  A  power  amplifier,  an 
electron  tube  is  used  in  the  output  stage 
of  a  radio  or  television  receiver  to  sup¬ 
ply  a  relatively  large  amount  of  power 
to  the  loudspeaker.  For  this  applica¬ 
tion,  large  power  output  is  of  more 
importance  than  high  voltage  amplifica¬ 
tion;  therefore,  gain  possibilities  are 
sacrificed  in  the  design  of  power  tubes 
to  obtain  power-handling  capability. 

Triodes,  pentodes,  and  beam  power 


tubes  designed  for  power  amplifier  serv¬ 
ice  have  certain  inherent  features  for 
each  structure.  Power  tubes  of  the 
triode  type  for  class  A  service  are 
characterized  by  low  power  sensitivity, 
low  plate-power  efficiency,  and  low  dis¬ 
tortion.  Power  tubes  of  the  pentode 
type  are  characterized  by  high  power 
sensitivity,  high  plate-power  efficiency 
and,  usually,  somewhat  higher  distor¬ 
tion  than  class  A  triodes.  Beam  power 
tubes  have  higher  power  sensitivity  and 
efficiency  than  triode  or  conventional 
pentode  types. 

A  class  A  power  amplifier  is  also 
used  as  a  driver  to  supply  power  to  a 
class  ABo  or  a  class  B  stage.  It  is 
usually  advisable  to  use  a  triode,  rather 
than  a  pentode,  in  a  driver  stage  be¬ 
cause  of  the  lower  plate  impedance 
of  the  triode. 

Power  tubes  connected  in  either 
parallel  or  push-pull  may  be  employed 
as  class  A  amplifiers  to  obtain  increased 
output.  The  parallel  connection  (Fig, 
39)  provides  twice  the  output  of  a 
single  tube  with  the  same  value  of  grid- 
signal  voltage.  With  this  connection, 
the  effective  transconductance  of  the 
stage  is  doubled,  and  the  effective  plate 


Fig .  39 — Power  amplifier  with  tubes 
connected  in  parallel. 


resistance  and  the  load  resistance  re¬ 
quired  are  halved  as  compared  with 
single-tube  values. 

The  push-pull  connection  (Fig.  40), 
although  it  requires  twice  the  grid- 
signal  voltage,  provides  increased  power 
and  has  other  important  advantages 
over  single-tube  operation.  Distortion 
caused  by  even-order  harmonics  and 
hum  caused  by  plate- voltage-supply 
fluctuations  are  either  eliminated  or 
decidedly  reduced  through  cancellation. 


Electron  Tube  Applications 


29 


Because  distortion  for  push-pull  opera¬ 
tion  is  less  than  for  single-tube  opera¬ 
tion,  appreciably  more  than  twice 
single-tube  output  can  be  obtained  with 
triodes  by  decreasing  the  load  resist¬ 
ance  for  the  stage  to  a  value  approach¬ 
ing  the  load  resistance  for  a  single  tube. 

For  either  parallel  or  push-pull 
class  A  operation  of  two  tubes,  all  elec¬ 
trode  currents  are  doubled  while  all  dc 
electrode  voltages  remain  the  same  as 
for  single-tube  operation.  If  a  cathode 
resistor  is  used,  its  value  should  be 
about  one-half  that  for  a  single  tube. 


Fig.  40 — Power  amplifier  with  tubes 
connected  in  push-pull. 


If  oscillations  occur  with  either  type  of 
connection,  they  can  often  be  elimi¬ 
nated  by  the  use  of  a  non-inductive 
resistor  of  approximately  100  ohms 
connected  in  series  with  each  grid  at 
the  socket  terminal. 

Operation  of  power  tubes  so  that 
the  grids  run  positive  is  inadvisable 
except  under  conditions  such  as  those 
discussed  in  this  section  for  class  AB 
and  class  B  amplifiers. 

Power-Output  Calculations 

Calculation  of  the  power  output  of 
a,  triode  used  as  a  class  A  amplifier  with 
either  an  output  transformer  or  a  choke 
having  low  dc  resistance  can  be  made 


without  serious  error  from  the  plate 
family  of  curves  by  assuming  a  resist¬ 
ance  load.  The  proper  plate  current, 
grid  bias,  optimum  load  resistance,  and 
per-cent  second-harmonic  distortion  can 
also  be  determined.  The  calculations  are 
made  graphically  and  are  illustrated  in 
Fig.  41  for  given  conditions.  The  pro¬ 
cedure  is  as  follows: 

(1)  Locate  the  zero-signal  bias 
point  P  by  determining  the  zero-signal 
bias  Eco  from  the  formula: 

Zero-signal  bias  (Eco)  =  — (0.68  X  Ed)/m 

where  E*  is  the  chosen  value  in  volts  of 
dc  plate  voltage  at  which  the  tube  is  to 
be  operated,  and  p  is  the  amplification 
factor  of  the  tube.  This  quantity  is 
shown  as  negative  to  indicate  that  a 
negative  bias  is  used. 

(2)  Locate  the  value  of  zero-signal 
plate  current,  I0,  corresponding  to 
point  P. 

(3)  Locate  the  point  2L,  which  is 
twice  the  value  of  I0  and  corresponds  to 
the  value  of  the  maximum-signal  plate 
current  I*,**. 

(4)  Locate  the  point  X  on  the  dc 
bias  curve  at  zero  volts,  Ec  =  0,  corre¬ 
sponding  to  the  value  of  Iro#x. 

(5)  Draw  a  straight  line  XY 
through  X  and  P. 

Line  XY  is  known  as  the  load  re¬ 
sistance  line.  Its  slope  corresponds  to 
the  value  of  the  load  resistance.  The 
load  resistance  in  ohms  is  equal  to 
(Em ax  —  Emin)  divided  by  (W  — 
where  B  is  in  volts  and  I  is  in  amperes. 

It  should  be  noted  that  in  the  case 
of  filament  types  of  tubes,  the  calcula¬ 
tions  are  given  on  the  basis  of  a  dc- 
operated  filament.  When  the  filament  is 
ac-operated,  the  calculated  value  of  dc 
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bias  should  be  increased  by  approxi¬ 
mately  one-half  the  filament  voltage 
rating  of  the  tube. 

The  value  of  zero-signal  plate  cur¬ 
rent  lo  should  be  used  to  determine  the 
plate  dissipation,  an  important  factor 
influencing  tube  life.  In  a  class  A  am¬ 
plifier  under  zero-signal  conditions,  the 
plate  dissipation  is  equal  to  the  power 
input,  i.e.,  the  product  of  the  dc  plate 
voltage  Eo  and  the  zero-signal  dc  plate 
current  IG.  If  it  is  found  that  the  plate- 
dissipation  rating  of  the  tube  is  exceeded 
with  the  zero-signal  bias  Ec0  calculated 
above,  it  will  be  necessary  to  increase 
the  bias  by  a  sufficient  amount  so  that 
the  actual  plate  dissipation  does  not  ex¬ 
ceed  the  rating  before  proceeding  fur¬ 
ther  with  the  remaining  calculations. 

For  power-output  calculations,  it 
is  assumed  that  the  peak  alternating 
grid  voltage  is  sufficient  (1)  to  swing  the 
grid  from  the  zero-signal  bias  value  Ec0 
to  zero  bias  (Ec  =  0)  on  the  positive 
swing  and  (2)  to  swing  the  grid  to  a 
value  twice  the  zero-signal  bias  value 
on  the  negative  swing.  During  the 
negative  swing,  the  plate  voltage  and 
plate  current  reach  values  of  Emax  and 
In,i»;  during  the  positive  swing,  they 
reach  values  of  Emm  and  Imax.  Because 
power  is  the  product  of  voltage  and 
current,  the  power  output  P0  as  shown 
by  a  watt-meter  is  given  by 

„  (Imux— - Imln)  X  (Emax-Emln) 

p0  _  g 

where  E  is  in  volts,  I  is  in  amperes, 
and  Po  is  in  watts. 

In  the  output  of  power-amplifier 
triodes,  some  distortion  is  present.  This 
distortion  is  due  predominantly  to  sec¬ 
ond  harmonics  in  single-tube  amplifiers. 
The  percentage  of  second-harmonic  dis¬ 
tortion  may  be  calculated  by  the  follow¬ 
ing  formula: 

Iinnx  -f-  Im in  T 
—  —  — lo 

%  distortion  =  j - X  100 

linax  —  imln 

where  I0  is  the  zero-signal  plate  current 
in  amperes.  If  the  distortion  is  exces¬ 
sive,  the  load  resistance  should  be  in¬ 
creased  or,  occasionally,  decreased 
slightly  and  the  calculations  repeated. 

Example:  Determine  the  load  re¬ 
sistance,  power  output,  and  distortion 


of  a  triode  having  an  amplification  fac¬ 
tor  of  4.2,  a  plate-dissipation  rating  of 
15  watts,  and  plate-characteristics  curves 
as  shown  in  Fig.  41.  The  tube  is  to  be 
operated  at  250  volts  on  the  plate. 

Procedure:  For  a  first  approxima¬ 
tion,  determine  the  operating  point  P 
from  the  zero-signal  bias  formula,  Ec0 
=  —(0.68  X  250)  / 4.2  =  —40.5  volts. 
From  the  curve  for  this  voltage,  it  is 
found  that  the  zero-signal  plate  current 
is  0.08  ampere  and,  therefore,  the  plate- 
dissipation  rating  is  exceeded  (0.08  X 
250  =  20  watts).  Consequently,  it  is 
necessary  to  reduce  the  zero-signal 
plate  current  to  0.06  ampere  at  250 
volts.  The  grid  bias  is  then  —43.5  volts. 
Note  that  the  curve  was  taken  with  a 
dc  filament  supply;  if  the  filament  is 
to  be  operated  on  an  ac  supply,  the 
bias  must  be  increased  by  about  one- 
half  the  filament  voltage,  or  to  —45 
volts,  and  the  circuit  returns  made  to 
the  mid-point  of  the  filament  circuit. 

Point  X  can  then  be  determined. 
Point  X  is  at  the  intersection  of  the  dc 
bias  curve  at  zero  volts  with  Im«,  where 
Imax  =  2Io  =  2  X  0.06  =  0.12  ampere. 
Line  XY  is  drawn  through  points  P  and 
X.  Emax,  Emm,  and  Imin  are  then  found 
from  the  curves.  When  these  values 
are  substituted  in  the  power-output  for¬ 
mula,  the  following  result  is  obtained: 


=  (0.12  -  0.012)  X  (365  —  105)  =  3 >52  watts 
The  resistance  represented  by  load 


line  XY  is 

(365  -  105) 
(0.12  -  0.012) 


=  2410  ohms 


When  the  values  from  the  curves 
are  substituted  in  the  distortion  for¬ 
mula,  the  following  result  is  obtained: 


°.i2  +  aoi2  _ 

2 

%  distortion  =  -  ^  __  Q  Q12 - X  100  =  5.5% 

It  is  customary  to  select  the  load 
resistance  so  that  the  distortion  does  not 
exceed  five  per  cent.  When  the  method 
shown  is  used  to  determine  the  slope  of 
the  load-resistance  line,  the  second-har¬ 
monic  distortion  generally  does  not  ex¬ 
ceed  five  per  cent.  In  the  example, 
however,  the  distortion  is  excessive  and 
it  is  desirable,  therefore,  to  use  a  slightly 
higher  load  resistance.  A  load  resistance 
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of  2500  ohms  will  provide  a  distortion 
of  about  4.9  per  cent.  The  power  out¬ 
put  is  reduced  only  slightly  to  3.5  watts. 

Operating  conditions  for  triodes  in 
push-pull  depend  on  the  type  of  opera¬ 
tion  desired.  Under  class  A  conditions, 
distortion,  power  output,  and  efficiency 
are  all  relatively  low.  The  operating  bias 
can  be  anywhere  between  that  specified 
for  single-tube  operation  and  that  equal 
to  one-half  the  grid-bias  voltage  re¬ 
quired  to  produce  plate-current  cutoff 
at  a  plate  voltage  of  1.4E0,  where  E«  is 
the  operating  plate  voltage.  Higher  bias 
than  this  value  requires  higher  grid- 
signal  voltage  and  results  in  class  ABi 
operation,  which  is  discussed  later. 

The  method  for  calculating  maxi¬ 
mum  power  output  for  triodes  in  push- 
pull  class  A  operation  is  as  follows: 
Erect  a  vertical  line  at  0.6  E0  (see  Fig. 
42),  intersecting  the  Ec  —  0  curve  at  the 
point  Imax.  Then,  Imsx  is  determined 
from  the  curve  for  use  in  the  formula 

Po  Zz  (Imax  X  Eo)/5 

If  I  max  is  expressed  in  amperes  and  E0 
in  volts,  power  output  is  in  watts. 


Example:  Assume  that  the  plate 
voltage  (Eo)  is  to  be  300  volts,  and  the 
plate-dissipation  rating  of  the  tube  is  1 5 
watts.  Then,  for  class  A  operation,  the 
operating  bias  can  be  equal  to,  but  not 
more  than,  one-half  the  grid  bias  for 
cutoff  with  a  plate  voltage  of  1 .4  x  300 
=  420  volts.  (Since  cutoff  bias  is  ap¬ 
proximately  — 115  volts  at  a  plate  volt¬ 
age  of  420  volts,  one-half  of  this  value 
is  —57.5  volts  bias.)  At  this  bias,  the 
plate  current  is  found  from  the  plate 
family  to  be  0.054  ampere  and,  there¬ 
fore,  the  plate  dissipation  is  0.054  x 
300  or  16.2  watts.  Since  —57.5  volts 
is  the  limit  of  bias  for  class  A  opera¬ 
tion  of  these  tubes  at  a  plate  voltage 
of  300  volts,  the  dissipation  cannot  be 
reduced  by  increasing  the  bias  and  it 
becomes  necessary  to  reduce  the  plate 
voltage. 

If  the  plate  voltage  is  reduced  to 
250  volts,  the  bias  will  be  found  to  be 
—43.5  volts.  For  this  value,  the  plate 
current  is  0.06  ampere,  and  the  plate 
dissipation  is  15  watts.  Then,  following 
the  method  for  calculating  power  out¬ 
put,  erect  a  vertical  line  at  0.6Eo  =  150 


Fig.  42 — Graphic  calculations  for  push-pull  class  A  amplifier  using  a  power  Mode. 

volts.  The  intersection  of  the  line  with 
the  curve  Ec  =  0  is  Imax  or  0.2  ampere. 
When  this  value  is  substituted  in  the 
power  formula,  the  power  output  is 
(0.2  X  250)/5  =  10  watts.  The  load 
resistance  is  determined  from  the  load 
formula:  Plate-to-plate  load  (RPP)  =  4 
X  (250  -  150)/0.2  =  2000  ohms. 

Power  output  for  a  pentode  or  a 
beam  power  tube  as  a  class  A  amplifier 
can  be  calculated  in  much  the  same 
way  as  for  triodes.  Calculations  can  be 
made  graphically  from  a  special  plate 
family  of  curves,  as  shown  in  Fig.  43. 


The  method  for  determining  the 
proper  load  resistance  for  triodes  in 
push-pull  is  as  follows:  Draw  a  load  line 
through  Imax  on  the  zero-bias  curve  and 
through  the  E0  point  on  the  zero-current 
axis.  Four  times  the  resistance  repre¬ 
sented  by  this  load  line  is  the  plate-to- 
plate  load  (RPP)  for  two  triodes  in  a 
class  A  push-pull  amplifier.  Expressed 
as  a  formula, 

Rpp  =  4  X  (E«  -  0.6Eo)/I»»»x 

where  E0  is  expressed  in  volts,  Imnx  in 
amperes,  and  RPP  in  ohms. 
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Fig.  43 — Graphic  calculations  for  class  A  amplifier  using  a  pentode  or  beam  power  tube . 


From  a  point  A  at  or  just  below 
the  knee  of  the  zero-bias  curve,  draw 
arbitrarily  selected  load  lines  to  inter¬ 
sect  the  zero-plate-current  axis.  These 
lines  should  be  on  both  sides  of  the 
operating  point  P,  whose  position  is 
determined  by  the  desired  operating 
plate  voltage,  E0,  and  one-half  the 
maximum-signal  plate  current.  Along 
any  load  line,  say  AAi,  measure  the 
distance  AOi.  On  the  same  line,  lay 
off  an  equal  distance,  OiAa.  For  opti¬ 
mum  operation,  the  change  in  bias  from 
A  to  Oi  should  be  nearly  equal  to  the 
change  in  bias  from  Oi  to  Ai.  If  this 
condition  can  not  be  met  with  one  line, 
as  is  the  case  for  the  line  first  chosen, 
then  another  should  be  chosen.  When 
the  most  satisfactory  line  has  been  se¬ 
lected,  its  resistance  may  be  determined 
by  the  following  formula: 

Load  resistance  (Rl)  =  3^.11 

Imitx  —  Im  in 

The  value  of  Rr,  may  then  be  sub¬ 
stituted  in  the  following  formula  for 
calculating  power  output, 

„  [Imax  —  Ini  in  -f-  1.41  (Ik  *—  Iy)l2  Rr, 
p0=  - — - - - 

In  both  of  these  formulas,  I  is  in 
amperes,  E  is  in  volts,  Rl  is  in  ohms, 
and  P0  is  in  watts,  I*  and  Iy  are  the  cur¬ 
rent  values  on  the  load  line  at  bias  volt¬ 
ages  of  Eci  =  V  -  0.707V  =  0.293V 
and  Ed  =  V  +  0.707V  =  1.707V,  re¬ 
spectively. 

Calculations  for  distortion  may  be 
made  by  means  of  the  following  formu¬ 


las.  The  terms  used  have  already  been 
defined. 

%  2nd-harmonic  distortion  = 

Imax  +  Imin  —  2  Io  w 

Imax  -  Imin  +  1.41  (I*  -  Iy)  X 
%  3rd-harmonic  distortion  = 

Imax  —  Imin  —  1.41  (lx  —  Iy)  v 
Imax  —  Imin  -f-  1.41  (lx  —  Iy) 

%  total  (2nd  and  3rd)  harmonic  distortion  rz 
V(%  2nd)3  +  (%  3rd)3 

Conversion  Factors 

Operating  conditions  for  voltage 
values  other  than  those  shown  in  the 
published  data  can  be  obtained  by  use 
of  the  nomograph  shown  in  Fig.  44 
when  all  electrode  voltages  are  changed 
simultaneously  in  the  same  ratio.  The 
nomograph  includes  conversion  factors 
for  current  (Fi),  power  output  (FP), 
plate  resistance  or  load  resistance  (Fr), 
and  transconductance  (Fgm)  for  voltage 
ratios  between  0.5  and  2.0.  These  fac¬ 
tors  are  expressed  as  functions  of  the 
ratio  between  the  desired  or  new  volt¬ 
age  for  any  electrode  (Eaes)  and  the 
published  or  original  value  of  that  volt¬ 
age  (Epub).  The  relations  shown  are  ap¬ 
plicable  to  triodes  and  multigrid  tubes 
in  all  classes  of  service. 

To  use  the  nomograph,  simply 
place  a  straight-edge  across  the  page  so 
that  it  intersects  the  scales  for  Eaos  and 
EP„b  at  the  desired  values.  The  desired 
conversion  factor  may  then  be  read 
directly  or  estimated  at  the  point  where 
the  straight-edge  intersects  the  Fi,  FP 
Fr,  or  Fgm  scale. 


Electron  Tube  Applications 


33 


For  example,  suppose  it  is  desired  of  characteristics  is  necessarily  an  ap- 

to  operate  two  6L6GC’s  in  class  Ai  proximation,  the  accuracy  of  the  nomo- 

push-pull,  fixed  bias,  with  a  plate  volt-  graph  decreases  progressively  as  the 

age  of  200  volts.  The  nearest  published  ratio  Ede«/EPub  departs  from  unity.  In 

operating  conditions  for  this  class  of  general,  results  are  substantially  correct 

service  are  for  a  plate  voltage  of  250  when  the  value  of  the  ratio  Ede«/EpUb  is 

volts.  The  operating  conditions  for  the  between  0.7  and  1.5.  Beyond  these  Jim- 

new  plate  voltage  can  be  determined  its,  the  accuracy  decreases  rapidly,  and 

as  follows:  the  results  obtained  must  be  considered 

The  voltage  conversion  factor,  Fe,  rough  approximations, 
is  equal  to  200/250  or  0.8.  The  dashed  The  nomograph  does  not  take  into 

lines  on  the  nomograph  of  Fig.  44  indi-  consideration  the  effects  of  contact  po- 

cate  that  for  this  voltage  ratio  Fi  is  tential  or  secondary  emission  in  tubes, 

approximately  0.72,  Fp  is  approximately  Because  contact-potential  effects  be- 

0.57,  Fr  is  1.12,  and  Fgm  is  approxi-  come  noticeable  only  at  very  small  dc 

mately  0.892.  These  factors  may  be  grid-No,  1  (bias)  voltages,  they  are 

applied  directly  to  operating  values  generally  negligible  in  power  tubes, 

shown  in  the  tube  data,  or  to  values  Secondary  emission  may  occur  in  con- 

calculated  by  the  methods  described  ventional  tetrodes,  however,  if  the  plate 

previously.  voltage  swings  below  the  grid-No.  2 

Because  this  method  for  conversion  voltage.  Consequently,  the  conversion 


fr  Fgm  £<f@$  Epub  Edes  fr  Fp 


Fig.  44— Nomograph  of  tube  conversion  factors . 


34 


RCA  Receiving  Tube  Manual 


factors  shown  in  the  nomograph  apply 
to  such  tubes  only  when  the  plate  volt¬ 
age  is  greater  than  the  grid-No.  2  volt¬ 
age.  Because  secondary  emission  may 
also  occur  in  certain  beam  power  tubes 
at  very  low  values  of  plate  current  and 
plate  voltage,  the  conversion  factors 
shown  in  the  nomograph  do  not  apply 
when  these  tubes  are  operated  under 
such  conditions. 

Class  AB  Power  Amplifiers 

A  class  AB  power  amplifier  em¬ 
ploys  two  tubes  connected  in  push-pull 
with  a  higher  negative  grid  bias  than  is 
used  in  a  class  A  stage.  With  this  higher 
negative  bias,  the  plate  and  screen- 
grid  voltages  can  usually  be  made 
higher  than  for  class  A  amplifiers  be¬ 
cause  the  increased  negative  bias  holds 
plate  current  within  the  limit  of  the 
tube  plate-dissipation  rating.  As  a  result 
of  these  higher  voltages,  more  power 
output  can  be  obtained  from  class  AB 
operation. 

Class  AB  amplifiers  are  subdivided 
into  class  ABi  and  class  AB2.  In  class 


Because  of  the  flow  of  grid  current 
in  a  class  AB2  stage,  there  is  a  loss  of 
power  in  the  grid  circuit.  The  sum  of 
this  loss  and  the  loss  in  the  input  trans¬ 
former  is  the  total  driving  power  re¬ 
quired  by  the  grid  circuit.  The  driver 
stage  should  be  capable  of  a  power 
output  considerably  larger  than  this  re¬ 
quired  power  in  order  that  distortion 
introduced  in  the  grid  circuit  be  kept 
low.  The  input  transformer  used  in  a 
class  AB2  amplifier  usually  has  a  step- 
down  turns  ratio. 

Because  of  the  large  fluctuations  of 
plate  current  in  a  class  AB2  stage,  it  is 
important  that  the  plate  power  supply 
have  good  regulation.  Otherwise  the 
fluctuations  in  plate  current  cause  fluc¬ 
tuations  in  the  voltage  output  of  the 
power  supply,  with  the  result  that  power 
output  is  decreased  and  distortion  is  in¬ 
creased.  To  obtain  satisfactory  regula¬ 
tion,  it  is  usually  advisable  to  use  a 
low-drop  rectifier,  such  as  the  5V4GA, 
with  a  choke-input  filter.  In  all  cases, 
the  resistance  of  the  choke  and  trans¬ 
formers  should  be  as  low  as  possible. 


ABi,  there  is  no  flow  of  grid  current. 
That  is,  the  peak  signal  voltage  applied 
to  each  grid  is  not  greater  than  the 
negative  grid-bias  voltage.  The  grids 
therefore  are  not  driven  to  a  positive 
potential  and  do  not  draw  current.  In 
class  ABs,  the  peak  signal  voltage  is 
greater  than  the  bias  so  that  the  grids 
are  driven  positive  and  draw  current. 


Class  ABi  Power  Amplifiers 
In  class  ABi  push-pull  amplifier 
service  using  triodes,  the  operating 
conditions  may  be  determined  graphi¬ 
cally  by  means  of  the  plate  family  if 
E0,  the  desired  operating  plate  voltage, 
is  given.  In  this  service,  the  dynamic 
load  line  does  not  pass  through  the 
operating  point  P  as  in  the  case  of  the 


PLATE  VOLTS 


GRID  VOLTS 


Fig,  45 — Graphic  calculations  for  class  ABt  amplifier  Fig .  46 — Instantaneous  curve 
using  a  power  triode .  for  class  ABX  amplifier. 
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output.  Grid  bias  cannot  be  neglected, 
however,  since  it  is  used  to  find  the 
zero-signal  plate  current  and,  from  it, 
the  zero-signal  plate  dissipation.  Be¬ 
cause  the  grid  bias  is  higher  in  class 
ABi  than  in  class  A  service  for  the  same 
plate  voltage,  a  higher  signal  voltage 
may  be  used  without  grid  current  be¬ 
ing  drawn  and,  therefore,  higher  power 
output  is  obtained. 

In  general,  for  any  load  line 
through  point  D,  Fig.  45,  the  plate-to- 
plate  load  resistance  in  ohms  of  a  push- 
pull  amplifier  is  RPP  =  4E0/P,  where 
P  is  the  plate-current  value  in  am¬ 
peres  at  which  the  load  line  as  pro¬ 
jected  intersects  the  plate-current  axis, 
and  E0  is  in  volts.  This  formula  is  an¬ 
other  form  of  the  one  given  under  push- 
pull  class  A  amplifiers,  RPP  =  4(E0  — 
0.6Eo)/Imar,  but  is  more  general.  Power 
output  =  (Imax/V2)2  X  Ryp/4,  where 
Imax  is  the  peak  plate  current  at  zero 
grid  volts  for  the  load  chosen.  This 
formula  simplified  is  (I  max  )2  X  Rpp/8. 
The  maximum-signal  average  plate  cur¬ 
rent  is  2Ln»x/ t r  or  0.636  Im&x,  the  maxi¬ 
mum-signal  average  power  input  is 
0.636  W  X  Eo. 

It  is  desirable  to  simplify  these 
formulas  for  a  first  approximation.  This 
simplification  can  be  made  if  it  is  as¬ 
sumed  that  the  peak  plate  current,  I  max, 
occurs  at  the  point  of  the  zero-bias 
curve  corresponding  approximately  to 
0.6  Eo,  the  condition  for  maximum 
power  output.  The  simplified  formulas 
are: 


Po  (for  two  tubes)  =  (Imax  x  Eo)/5 
Rpp  ™  1.6Eo/Im*x 

where  E«  is  in  volts,  Imax  is  in  amperes, 
Rpp  is  in  ohms,  and  Po  is  in  watts. 

It  may  be  found  during  subsequent 
calculations  that  the  distortion  or  the 
plate  dissipation  is  excessive  for  this  ap¬ 
proximation;  in  that  case,  a  different 
load  resistance  must  be  selected,  using 
the  first  approximation  as  a  guide,  and 
the  process  repeated  to  obtain  satisfac¬ 
tory  operating  conditions. 

Example:  Fig.  45  illustrates  the 
application  of  this  method  to  a  pair  of 
power  triodes  operated  at  E«  =  300 
volts.  Each  tube  has  a  plate-dissipation 
rating  of  15  watts.  The  method  is  to 


erect  a  vertical  line  at  0.6Eo,  or  at  1 80 
volts,  which  intersects  the  Ex.  =  0  curve 
at  the  point  Imax  =  0.26  ampere.  Using 
the  simplified  formulas,  the  following 
values  are  obtained: 

Rpp  =  (1,6  X  300)/0.26  =  1845  ohms 
Po  =  (0.26  X  300) /5  =  15.6  waits 

At  this  point,  it  is  well  to  determine 
the  plate  dissipation  and  to  compare 
it  with  the  maximum  rated  value. 
From  the  average-plate-current  formula 
(0.636  Imax)  mentioned  previously,  the 
maximum-signal  average  plate  current 
is  0.166  ampere.  The  product  of  this 
current  and  the  operating  plate  voltage 
is  49.8  watts,  the  average  input  to  the 
two  tubes.  From  this  value,  subtract 
the  power  output  of  15,6  watts  to  ob¬ 
tain  the  total  dissipation  for  both  tubes, 
which  is  34.2  watts.  Half  of  this  value, 
17  watts,  is  in  excess  of  the  15-watt 
rating  of  the  tube  and  it  is  necessary, 
therefore,  to  assume  another  and  higher 
load  resistance  so  that  the  plate-dissipa¬ 
tion  rating  will  not  be  exceeded. 

It  will  be  found  that  at  an  operat¬ 
ing  plate  voltage  of  300  volts  the  tubes 
require  a  plate-to-plate  load  resistance 
of  3000  ohms.  From  the  formula  for 
Rpp,  the  value  of  I'  is  found  to  be  0.4 
ampere.  The  load  line  for  the  3000- 
ohm  load  resistance  is  then  represented 
by  a  straight  line  from  the  point  P  = 
0.4  ampere  on  the  plate-current  ordi¬ 
nate  to  the  point  E0  =  300  volts  on 
the  plate-voltage  abscissa.  At  the  inter¬ 
section  of  the  load  line  with  the  zero- 
bias  curve,  the  peak  plate  current,  I  I»  RX, 
can  be  read  at  0.2  ampere.  Then 


Po  =  (Imax/  V2)2  X  Rl>p/4 
=  (0.2/1.41)2  x  3000/4 
=  15  watts 


Proceeding  as  in  the  first  approxima¬ 
tion,  it  is  found  that  the  maximum- 
signal  average  plate  current,  0.6361  mar* 
is  0.127  ampere,  and  the  maximum- 
signal  average  power  input  is  38.1  watts. 
This  input  minus  the  power  output  is 
38.1  —  15  ~  23.1  watts.  This  value  is 
the  dissipation  for  two  tubes;  the  value 
per  tube  is  11.6  watts,  a  value  well 
within  the  rating  of  this  tube  type. 

The  operating  bias  and  the  zero- 
signal  plate  current  may  then  be  found 
by  use  of  a  curve  which  is  derived  from 
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the  plate  family  and  the  load  line.  Fig. 
46  is  a  curve  of  instantaneous  values  of 
plate  current  and  dc  grid-bias  voltages 
taken  from  Fig.  45.  Values  of  grid  bias 
are  read  from  each  of  the  grid-bias 
curves  of  Fig.  45  along  the  load  line 
and  are  transferred  to  Fig.  46  to  pro¬ 
duce  the  curved  line  from  A  to  C.  A 
tangent  to  this  curve,  starting  at  A,  is 
drawn  to  intersect  the  grid-voltage 
abscissa.  The  point  of  intersection,  B, 
is  the  operating  grid  bias  for  fixed-bias 
operation.  In  the  example,  the  bias  is 
—60  volts.  Refer  back  to  the  plate 
family  at  the  operating  conditions  of 
plate  volts  =  300  and  grid  bias  =  —60 
volts;  the  zero-signal  plate  current  per 
tube  is  seen  to  be  0.04  ampere. 

This  procedure  locates  the  operat¬ 
ing  point  for  each  tube  at  P.  The  plate 
current  must  be  doubled,  of  course,  to 
obtain  the  zero-signal  plate  current  for 
both  tubes.  Under  maximum-signal  con¬ 
ditions,  the  signal  voltage  swings  from 
zero-signal  bias  voltage  to  zero  bias  for 
each  tube  on  alternate  half  cycles. 
Hence,  in  the  example,  the  peak  of  sig¬ 
nal  voltage  per  tube  is  60  volts,  or  the 
grid-to-grid  value  is  120  volts. 

As  in  the  case  of  the  push-pull  class 
A  amplifier,  the  second -harmonic  dis¬ 
tortion  in  a  class  ABi  amplifier  using 
triodes  is  very  small  and  is  largely  can¬ 
celed  by  virtue  of  the  push-pull  con¬ 
nection.  Third-harmonic  distortion, 
however,  which  may  be  larger  than 
permissible,  can  be  found  by  means  of 
composite  characteristic  curves.  A  com¬ 
plete  family  of  curves  can  be  plotted, 
but  for  the  present  purpose  only  the  one 
corresponding  to  a  grid  bias  of  one-half 
the  peak  grid-voltage  swing  is  needed. 
In  the  example,  the  peak  grid  voltage 
per  tube  is  60  volts,  and  the  half  value 
is  30  volts.  The  composite  curve,  since 
it  is  nearly  a  straight  line,  can  be  con¬ 
structed  with  only  two  points  (see  Fig. 
45).  These  two  points  are  obtained  from 
deviations  above  and  below  the  operat¬ 
ing  grid  and  plate  voltages. 

In  order  to  find  the  curve  for  a 
bias  of  —30  volts,  a  deviation  of  30 
volts  from  the  operating  grid  voltage 
of  —60  volts  is  assumed.  Next  assume 
a  deviation  from  the  operating  plate 
voltage  of,  say,  40  volts.  Then  at  300 


—40  —  260  volts,  erect  a  vertical  line 
to  intersect  the  (—60)  —  (—30)  —  -30- 
volt  bias  curve  and  read  the  plate  cur¬ 
rent  at  this  intersection,  which  is  0.167 
ampere;  likewise,  at  the  intersection 
of  a  vertical  line  at  300  +  40  =  340 
volts  and  the  (—60)  -f  (—30)  —  —90- 
volt  bias  curve,  read  the  plate  current. 
In  this  example,  the  plate  current  is 
estimated  to  be  0.002  ampere.  The  dif¬ 
ference  of  0.165  ampere  between  these 
two  currents  determines  the  point  E 
on  the  300  —  40  =  260-volt  vertical. 
Similarly,  another  point  F  on  the  same 
composite  curve  is  found  by  assuming 
the  same  grid-bias  deviation  but  a 
larger  plate-voltage  deviation,  say,  100 
volts. 

These  steps  provide  points  at  260 
volts  and  0.165  ampere  (E),  and  at  200 
volts  and  0.045  ampere  (F).  A  straight 
line  through  these  points  is  the  com¬ 
posite  curve  for  a  bias  of  —30  volts, 
shown  as  a  long-short  dash  line  in  Fig. 
45.  At  the  intersection  of  the  composite 
curve  and  the  load  line,  G,  the  instan¬ 
taneous  composite  plate  current  at  the 
point  of  one-half  the  peak  signal  swing 
is  determined.  This  current  value,  desig¬ 
nated  Io.b  and  the  peak  plate  current, 
Imax?  are  used  in  the  following  formula 
to  find  the  peak  value  of  the  third- 
harmonic  component  of  plate  current. 

Ihs  ™  (2Io.5  —  Imax)/3 

In  the  example,  where  Io.b  is  0.097  am¬ 
pere  and  Imax  is  0.2  ampere,  Im  — 
(2  X  0.097  -  0.2)/ 3  =  (0.194  -  0.2)/3 
—  —0.006/3  =  —0.002  ampere.  (The 
fact  that  Ihs  is  negative  indicates  that  the 
phase  relation  of  the  fundamental  (first- 
harmonic)  and  third-harmonic  com¬ 
ponents  of  the  plate  current  is  such  as 
to  result  in  a  slightly  peaked  wave  form. 
Ins  is  positive  in  some  cases,  indicating 
a  flattening  of  the  wave  form.) 

The  peak  value  of  the  fundamental 
or  first-harmonic  component  of  the  plate 
current  is  found  by  the  following 
formula: 

Ihl  =  2/3  X  (Imax  4"  lo-s) 

In  the  example,  Im  =  2/3  X  (0.2  + 
0.097)  =  0.198  ampere.  Thus,  the  per¬ 
centage  of  third-harmonic  distortion  is 
(Ihs/Ihi)  X  100  =  (0.002/0.198)  X  100 
=  1  per  cent  approx. 


Electron  Tube  Applications 

Class  ABz  Power  Amplifiers 

A  class  ABa  amplifier  employs  two 
tubes  connected  in  push-pull  as  in  the 
case  of  class  ABi  amplifiers.  It  differs 
in  that  it  is  biased  so  that  plate  cur¬ 
rent  flows  for  somewhat  more  than  half 
the  electrical  cycle  but  less  than  the 
full  cycle,  the  peak  signal  voltage  is 
greater  than  the  dc  bias  voltage,  grid 
current  is  drawn,  and,  consequently, 
power  is  consumed  in  the  grid  circuit. 
These  conditions  permit  high  power  out¬ 
put  to  be  obtained  without  excessive 
plate  dissipation. 

The  sum  of  the  power  used  in  the 
grid  circuit  and  the  losses  in  the  input 
transformer  is  the  total  driving  power 
required  by  the  grid  circuit.  The  driver 
stage  should  be  capable  of  a  power  out¬ 
put  considerably  larger  than  this  re¬ 
quired  power  in  order  that  distortion 
introduced  in  the  grid  circuit  be  kept 
low.  In  addition,  the  internal  impedance 
of  the  driver  stage  as  reflected  into  or 
as  effective  in  the  grid  circuit  of  the 
power  stage  should  always  be  as  low  as 
possible  in  order  that  distortion  may  be 
kept  low.  The  input  transformer  used 
in  a  class  AB2  stage  usually  has  a  step- 
down  ratio  adjusted  for  this  condition. 

Load  resistance,  plate  dissipation, 
power  output,  and  distortion  determina¬ 
tions  are  similar  to  those  for  class  ABi. 
These  quantities  are  interdependent 
with  peak  grid-voltage  swing  and  driv¬ 
ing  power;  a  satisfactory  set  of  operat¬ 
ing  conditions  involves  a  series  of 
approximations.  The  load  resistance  and 
signal  swing  are  limited  by  the  per¬ 
missible  grid  current  and  power  and  the 
distortion.  If  the  load  resistance  is  too 
high  or  the  signal  swing  is  excessive,  the 
plate-dissipation  rating  will  be  exceeded, 
distortion  will  be  high,  and  the  driving 
power  will  be  unnecessarily  high. 

Class  B  Power  Amplifiers 

A  class  B  amplifier  employs  two 
tubes  connected  in  push-pull,  so  biased 
that  plate  current  is  almost  zero  when 
no  signal  voltage  is  applied  to  the  grids. 
Because  of  this  low  value  of  no-signal 
plate  current,  class  B  amplification  Has 
the  same  advantage  as  class  AB2,  i.e., 
large  power  output  can  be  obtained 
without  excessive  plate  dissipation. 
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Class  B  operation  differs  from  class  ABi 
in  that  plate  current  is  cut  off  for  a 
larger  portion  of  the  negative  grid 
swing,  and  the  signal  swing  is  usually 
larger  than  in  class  ABa  operation. 

Because  certain  triodes  used  as 
class  B  amplifiers  are  designed  to  op¬ 
erate  very  close  to  zero  bias,  the  grid 
of  each  tube  is  at  a  positive  potential 
during  all  or  most  of  the  positive  half¬ 
cycle  of  its  signal  swing.  In  this  type  of 
triode  operation,  considerable  grid  cur¬ 
rent  is  drawn  and  there  is  a  loss  of 
power  in  the  grid  circuit.  This  condi¬ 
tion  imposes  the  same  requirement  in 
the  driver  stage  as  in  a  class  AB*  stage; 
i.e.,  the  driver  should  be  capable  of  de¬ 
livering  considerably  more  power  out¬ 
put  than  the  power  required  for  the 
grid  circuit  of  the  class  B  amplifier  so 
that  distortion  will  be  low.  Similarly, 
the  interstage  transformer  between  the 
driver  and  the  class  B  stage  usually  has 
a  step-down  turns  ratio.  Because  of  the 
high  dissipations  involved  in  class  B 
operation  at  zero  bias,  it  is  not  feasible 
to  use  tetrodes  or  pentodes  in  this  type 
of  class  B  operation. 

Determination  of  load  resistance, 
plate  dissipation,  power  output,  and  dis¬ 
tortion  is  similar  to  that  for  a  class  ABa 
stage. 

Power  amplifier  tubes  designed  for 
class  A  operation  can  be  used  in  class 
AB2  and  class  B  service  under  suitable 
operating  conditions.  There  are  several 
tube  types  designed  especially  for  class 
B  service.  The  characteristic  common  to 
all  of  these  types  is  a  high  amplifica¬ 
tion  factor.  With  a  high  amplification 
factor,  plate  current  is  small  even  when 
the  grid  bias  is  zero.  These  tubes,  there¬ 
fore,  can  be  operated  in  class  B  service 
at  a  bias  of  zero  volts  so  that  no  bias 
supply  is  required.  A  number  of  class  B 
amplifier  tubes  consist  of  two  triode 
units  mounted  in  one  tube.  The  two 
units  can  be  connected  in  push-pull  so 
that  only  one  tube  is  required  for  a 
class  B  stage. 


Cathode-Drive  Circuits 
The  preceding  text  has  discussed 
the  use  of  tubes  in  the  conventional 
grid-drive  type  of  amplifier — that  is, 
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where  the  cathode  is  common  to  both 
the  input  and  output  circuits.  Tubes 
may  also  be  employed  as  amplifiers  in 
circuit  arrangements  which  utilize  the 
grid  or  plate  as  the  common  terminal. 
Probably  the  most  important  of  these 
amplifiers  are  the  cathode-drive  circuit, 
which  is  discussed  below,  and  the  cath¬ 
ode-follower  circuit,  which  will  be  dis¬ 
cussed  later  in  connection  with  inverse 
feedback. 

A  typical  cathode-drive  circuit  is 
shown  in  Fig.  47.  The  load  is  placed  in 


Fig.  47 — Cathode-drive  circuit. 


the  plate  circuit  and  the  output  voltage 
is  taken  off  between  the  plate  and 
ground  as  in  the  grid-drive  method  of 
operation.  The  grid  is  grounded,  and 
the  input  voltage  is  applied  across  an 
appropriate  impedance  in  the  cathode 
circuit.  The  cathode-drive  circuit  is  par¬ 
ticularly  useful  for  vhf  and  uhf  applica¬ 
tions,  in  which  it  is  necessary  to  obtain 
the  low-noise  performance  usually  asso¬ 
ciated  with  a  triode,  but  where  a  con¬ 
ventional  grid-drive  circuit  would  be 
unstable  because  of  feedback  through 
the  grid-to-plate  capacitance  of  the 
tube.  In  the  cathode-drive  circuit,  the 
grounded  grid  serves  as  a  capacitive 
shield  between  plate  and  cathode  and 
permits  stable  operation  at  frequencies 
higher  than  those  in  which  conventional 
circuits  can  be  used. 

The  input  impedance  of  a  cathode- 
drive  circuit  is  approximately  equal  to 
1/gm  when  the  load  resistance  is  small 
compared  to  the  rP  of  the  tube.  A  cer¬ 
tain  amount  of  power  is  required,  there¬ 
fore,  to  drive  such  a  circuit.  However, 
in  the  type  of  service  in  which  cathode- 
drive  circuits  are  normally  used,  the 
advantages  of  the  grounded-grid  con¬ 
nection  usually  outweigh  this  disad¬ 
vantage. 


Inverse  Feedback 

An  inverse-feedback  circuit,  some¬ 
times  called  a  degenerative  circuit,  is 
one  in  which  a  portion  of  the  output 
voltage  of  a  tube  is  applied  to  the  in¬ 
put  of  the  same  or  a  preceding  tube  in 
opposite  phase  to  the  signal  applied  to 
the  tube.  Two  important  advantages  of 
feedback  are  (1)  reduced  distortion  from 
each  stage  included  in  the  feedback  cir¬ 
cuit  and  (2)  reduction  in  the  variations 
in  gain  due  to  changes  in  line  voltage, 
possible  differences  between  tubes  of  the 
same  type,  or  variations  in  the  values  of 
circuit  constants  included  in  the  feed¬ 
back  circuit. 

Inverse  feedback  is  used  in  audio 
amplifiers  to  reduce  distortion  in  the 
output  stage  where  the  load  impedance 
on  the  tube  is  a  loudspeaker.  Because 
the  impedance  of  a  loudspeaker  is  not 
constant  for  all  audio  frequencies,  the 
load  impedance  on  the  output  tube 
varies  with  frequency.  When  the  output 
tube  is  a  pentode  or  beam  power  tube 
having  high  plate  resistance,  this  varia¬ 
tion  in  plate  load  impedance  can,  if  not 
corrected,  produce  considerable  fre¬ 
quency  distortion.  Such  frequency  dis¬ 
tortion  can  be  reduced  by  means  of 
inverse  feedback.  Inverse-feedback  cir¬ 
cuits  are  of  the  constant-voltage  type 
and  the  constant-current  type. 

The  application  of  the  constant- 
voltage  type  of  inverse  feedback  to  a 
power-output  stage  using  a  single  beam 
power  tube  is  illustrated  in  Fig.  48.  In 
this  circuit,  Ri,  R2,  and  C  are  connected 
as  a  voltage  divider  across  the  output  of 
the  tube.  The  secondary  winding  of  the 
grid-input  transformer  is  returned  to  a 
point  on  this  voltage  divider.  Capacitor 


Fig.  48 -Power-output  stage  using  constant- 
voltage  inverse  feedback. 
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€  blocks  the  dc  plate  voltage  from  the 
grid.  However,  a  portion  of  the  tube 
af  output  voltage,  approximately  equal 
to  the  output  voltage  multiplied  by  the 
fraction  R2/(Ri  +  Re),  is  applied  to  the 
grid.  This  voltage  reduces  the  source  im¬ 
pedance  of  the  circuit  and  a  decrease  in 
distortion  results  which  is  explained  in 
the  curves  of  Fig.  49. 


nent  of  plate  current  i'Pf.  It  is  evident 
that  the  irregularity  of  the  waveform  of 
this  component  of  plate  current  would 
act  to  cancel  the  original  irregularity 
and  thus  reduce  distortion. 

After  inverse  feedback  has  been  ap¬ 
plied,  the  relations  are  as  shown  in  the 
curve  for  iP.  The  dotted  curve  shown  by 
i',,f  is  the  component  of  plate  current 


Consider  first  the  amplifier  without 
the  use  of  inverse  feedback.  Suppose 
that  when  a  signal  voltage  eB  is  applied 
to  the  grid  the  af  plate  current  i'P  has 
an  irregularity  in  its  positive  half-cycle. 
This  irregularity  represents  a  departure 
from  the  waveform  of  the  input  signal 
and  is,  therefore,  distortion.  For  this 
plate-current  waveform,  the  af  plate 
voltage  has  a  waveform  shown  by  e'P. 
The  plate-voltage  waveform  is  inverted 
compared  to  the  plate-current  wave¬ 
form  because  a  plate-current  increase 
produces  an  increase  in  the  drop  across 
the  plate  load.  The  voltage  at  the  plate 
is  the  difference  between  the  drop  across 
the  load  and  the  supply  voltage;  thus, 
when  plate  current  goes  up,  plate  volt¬ 
age  goes  down;  when  plate  current  goes 
down,  plate  voltage  goes  up. 

Now  suppose  that  inverse  feedback 
is  applied  to  the  amplifier.  The  voltage 
fed  back  to  the  grid  has  the  same  wave¬ 
form  and  phase  as  the  plate  voltage,  but 
is  smaller  in  magnitude.  Hence,  with  a 
plate  voltage  of  waveform  shown  by 
e'P,  the  feedback  voltage  appearing  on 
the  grid  is  as  shown  by  e'g*.  This  voltage 
applied  to  the  grid  produces  a  compo- 


due  to  the  feedback  voltage  on  the  grid. 
The  dotted  curve  shown  by  i'P  is  the 
component  of  plate  current  due  to  the 
signal  voltage  on  the  grid.  The  algebraic 
sum  of  these  two  components  gives  the 
resultant  plate  current  shown  by  the 
solid  curve  of  iP.  Since  i'P  is  the  plate 
current  that  would  flow  without  inverse 
feedback,  it  can  be  seen  that  the  appli¬ 
cation  of  inverse  feedback  has  reduced 
the  irregularity  in  the  output  current. 
In  this  manner  inverse  feedback  acts  to 
correct  any  component  of  plate  current 
that  does  not  correspond  to  the  input 
signal  voltage,  and  thus  reduces  dis¬ 
tortion. 

From  the  curve  for  iP,  it  can  be 
seen  that,  besides  reducing  distortion, 
inverse  feedback  also  reduces  the  ampli¬ 
tude  of  the  output  current.  Conse¬ 
quently,  when  inverse  feedback  is 
applied  to  an  amplifier  there  is  a  de¬ 
crease  in  gain  or  power  sensitivity  as 
well  as  a  decrease  in  distortion.  Hence, 
the  application  of  inverse  feedback  to 
an  amplifier  requires  that  more  driving 
voltage  be  applied  to  obtain  full  power 
output,  but  this  output  is  obtained  with 
less  distortion. 
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Inverse  feedback  may  also  be  ap¬ 
plied  to  resistance-coupled  stages,  as 
shown  in  Fig.  50.  The  circuit  is  conven¬ 
tional  except  that  a  feedback  resistor. 


Fig..  50 — Resistance-coupled  stages  using 
feedback  resistor. 

Ra,  is  connected  between  the  plates  of 
tubes  Ti  and  Ts.  The  output  signal  volt¬ 
age  of  Ti  and  a  portion  of  the  output 
signal  voltage  of  Ta  appear  across  R2. 
Because  the  distortion  generated  in  the 
plate  circuit  of  Ta  is  applied  to  its  grid 
out  of  phase  with  the  input  signal,  the 
distortion  in  the  output  of  Ta  is  com¬ 
paratively  low.  With  sufficient  inverse 
feedback  of  the  constant-voltage  type 
in  a  power-output  stage,  it  is  not  neces¬ 
sary  to  employ  a  network  of  resistance 
and  capacitance  in  the  output  circuit  to 
reduce  response  at  high  audio  frequen¬ 
cies.  Inverse-feedback  circuits  can  also 
be  applied  to  push-pull  class  A  and  class 
AB;l  amplifiers. 

Constant-current  inverse  feedback 
is  usually  obtained  by  omitting  the  by¬ 
pass  capacitor  across  a  cathode  resistor. 
This  method  decreases  the  gain  and  the 
distortion  but  increases  the  source  im¬ 
pedance  of  the  circuit.  Consequently, 
the  output  voltage  rises  at  the  resonant 
frequency  of  the  loudspeaker  and  ac¬ 
centuates  hangover  effects. 

Inverse  feedback  is  not  generally 
applied  to  a  triode  power  amplifier  be¬ 
cause  the  variation  in  speaker  imped¬ 
ance  with  frequency  does  not  produce 
much  distortion  in  a  triode  stage  hav¬ 
ing  low  plate  resistance.  It  is  sometimes 
applied  in  a  pentode  stage,  but  is  not 
always  convenient.  As  has  been  shown, 
when  inverse  feedback  is  used  in  an 
amplifier,  the  driving  voltage  must  be 
increased  in  order  to  provide  full  power 
output.  When  inverse  feedback  is  used 
with  a  pentode,  the  total  driving  voltage 
required  for  full  power  output  may  be 
inconveniently  large,  although  still  less 


than  that  required  for  a  triode.  Because 
a  beam  power  tube  gives  full  power 
output  on  a  comparatively  small  driving 
voltage,  inverse  feedback  is  especially 
applicable  to  beam  power  tubes.  By 
means  of  inverse  feedback,  the  high 
efficiency  and  high  power  output  of 
beam  power  tubes  can  be  combined  with 
freedom  from  the  effects  of  varying 
speaker  impedance. 


Cathode-Follower  Circuits 


Another  important  application  of 
inverse  feedback  is  in  the  cathode-fol¬ 
lower  circuit,  an  example  of  which  is 
shown  in  Fig.  51.  In  this  application,  the 
load  has  been  transferred  from  the  plate 
circuit  to  the  cathode  circuit  of  the  tube. 
The  input  voltage  is  applied  between 
the  grid  and  ground,  and  the  output 
voltage  is  obtained  between  the  cathode 
and  ground.  The  voltage  amplification 
(V.A.)  of  this  circuit  is  always  less  than 
unity  and  may  be  expressed  by  the  fol¬ 
lowing  convenient  formulas. 

For  a  triode: 


'  X  Rr- 


V'  At  ~  rP  +  [Ri,  X  (H +  1>] 
For  a  pentode: 

V.  A.  =  : 


gm  X  Rr, 


1  +  (gm  X  Rx») 

In  these  formulas,  p  is  the  amplifi¬ 
cation  factor,  Ri.  is  the  load  resistance 
in  ohms,  rP  is  the  plate  resistance  in 
ohms,  and  gm  is  the  transconductance 
in  mhos. 

The  use  of  the  cathode  follower 
permits  the  design  of  circuits  which 
have  high  input  resistance  and  high  out¬ 
put  voltage.  The  output  impedance  is 


Fig.  51 — Cathode-follower  circuit. 

quite  low  and  very  low  distortion  may 
be  obtained.  Cathode-follower  circuits 
may  be  used  for  power  amplifiers  or  as 
impedance  transformers  designed  either 
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to  match  a  transmission  line  or  to  pro¬ 
duce  a  relatively  high  output  voltage  at 
a  low  impedance  level. 

In  a  power  amplifier  which  is  trans¬ 
former  coupled  to  the  load,  the  same 
output  power  can  be  obtained  from  the 
tube  as  would  be  obtained  in  a  conven¬ 
tional  grid-drive  type  of  amplifier.  The 
output  impedance  is  very  low  and  pro¬ 
vides  excellent  damping  to  the  load, 
with  the  result  that  very  low  distortion 
can  be  obtained.  The  peak-to-peak  sig¬ 
nal  voltage,  however,  approaches  W2 
times  the  plate  supply  voltage  if  maxi¬ 
mum  power  output  is  required  from  the 
tube.  Some  problems  may  be  encoun¬ 
tered,  therefore,  in  the  design  of  an 
adequate  driver  stage  for  a  cathode- 
follower  output  system. 

When  a  cathode-follower  circuit  is 
used  as  an  impedance  transformer,  the 
load  is  usually  a  simple  resistance  in 
the  cathode  circuit  of  the  tube.  With 
relatively  low  values  of  cathode  resistor, 
the  circuit  may  be  designed  to  supply 
significant  amounts  of  power  and  to 
match  the  impedance  of  the  device  to 
a  transmission  line.  With  somewhat 
higher  values  of  cathode  resistor,  the 
circuit  may  be  used  to  decrease  the  out¬ 
put  impedance  sufficiently  to  permit  the 
transmission  of  audio  signals  along  a 
line  in  which  appreciable  capacitance 
is  present. 

The  cathode  follower  may  also  be 
used  as  an  isolation  device  to  provide 
extremely  high  input  resistance  and  low 
input  capacitance  as  might  be  required 
in  the  probe  of  an  oscilloscope  or 
vacuum-tube  voltmeter.  Such  circuits 
can  be  designed  to  provide  effective 
impedance  transformation  with  no  sig¬ 
nificant  loss  of  voltage. 

Selection  of  a  suitable  tube  and  its 
operating  conditions  for  use  in  a  cath¬ 
ode-follower  circuit  having  a  specified 
output  impedance  (Zo)  can  be  made,  in 
most  practical  cases,  by  the  use  of  the 
following  formula  to  determine  the  ap¬ 
proximate  value  of  the  required  tube 
transconductance. 

Required  g™  (^mhos)  = 

Once  the  required  transconductance 
is  obtained,  a  suitable  tube  and  its  oper¬ 
ating  conditions  may  be  determined 


from  the  technical  data  given  in  the 
Technical  Data  section.  The  tube  se¬ 
lected  should  have  a  value  of  transcon¬ 
ductance  slightly  lower  than  that 
obtained  from  the  above  expression  to 
allow  for  the  shunting  effect  of  the  cath¬ 
ode  load  resistance.  The  conversion 
nomograph  given  in  Fig.  44  may  be 
used  for  calculation  of  operating  condi¬ 
tions  for  values  of  transconductance  not 
included  in  the  tabulated  data.  After 
the  operating  conditions  have  been  de¬ 
termined,  the  approximate  value  of  the 
required  cathode  load  resistance  may  be 
calculated  from  the  following  formulas. 
For  a  triode: 


Cathode  Rr, : 
For  a  pentode: 


Zo  X  Tp 


Cathode  Rr,  = 


tp.—  [Zo  X  0  4*  #)3 
Zo 


(gm  X  Zo) 


Resistance  and  impedance  values  are  in 
ohms;  transconductance  values  are  in 
mhos. 

If  the  value  of  the  cathode  load  re¬ 
sistance  calculated  to  provide  the  re¬ 
quired  output  impedance  does  not 
provide  the  required  operating  bias,  the 
basic  cathode-follower  circuit  can  be 
modified  in  a  number  of  ways.  Two  of 
the  more  common  modifications  are 
shown  in  Figs.  52  and  53. 

In  Fig.  52  the  bias  is  increased  by 
adding  a  bypassed  resistance  between 


Fig,  52 — Cathode-follower  circuit  modified 
for  increased  bias . 

the  cathode  and  the  unbypassed  load 
resistance  and  returning  the  grid  to  the 
low  end  of  the  load  resistance.  In  Fig. 
53  the  bias  is  reduced  by  adding  a  by¬ 
passed  resistance  between  the  cathode 
and  the  unbypassed  load  resistance  but, 
in  this  case,  the  grid  is  returned  to  the 


42 


RCA  Receiving  Tube  Manual 


junction  of  the  two  cathode  resistors 
so  that  the  bias  voltage  is  only  the  dc 
voltage  drop  across  the  added  resistance 
The  size  of  the  bypass  capacitor  should 
be  large  enough  so  that  it  has  negligible 
reactance  at  the  lowest  frequency  to  be 
handled.  In  both  cases  the  B-supply 
should  be  increased  to  make  up  for  the 
voltage  taken  for  biasing. 


Fig,  53— Cathode-follower  circuit  modified 
for  reduced  bias. 

Example:  Select  a  suitable  tube 
and  determine  the  operating  conditions 
and  circuit  components  for  a  cathode - 
follower  circuit  having  an  output  im¬ 
pedance  that  will  match  a  500-ohm 
transmission  line. 

Procedure:  First,  determine  the  ap¬ 
proximate  transconductance  required. 

Required  gm  —  *  ^500 "  /nwhos 

A  survey  of  the  tubes  that  have  a 
transconductance  in  this  order  of  mag¬ 
nitude  shows  that  type  12AX7A  is  among 
the  tubes  to  be  considered.  Referring  to 
the  characteristics  given  in  the  technical 
data  section  for  one  triode  unit  of  high- 
mu  twin  triode  12AX7,  we  find  that  for 
a  plate  voltage  of  250  volts  and  a  bias 
of  __2  volts,  the  transconductance  is 
1 600  micromhos,  the  plate  resistance  is 
62500  ohms,  the  amplification  factor  is 
100,  and  the  plate  current  is  0.0012  am¬ 
pere.  When  these  values  are  used  in  the 
expression  for  determining  the  cathode 
load  resistance,  the  following  result  is 
obtained: 

,  ,  „  500  X  62500 

Cathode  Rl~62500— 500X  ( 100+1 ) 

The  voltage  across  this  resistor  for 
a  plate  current  of  0.0012  ampere  is 
2600  X  0.0012  =  3.12  volts.  Because 


the  required  bias  voltage  is  only  —2 
volts,  the  circuit  arrangement  given  in 
Fig.  53  is  employed.  The  bias  is  fur¬ 
nished  by  a  resistance  that  will  have  a 
voltage  drop  of  2  volts  when  it  carries 
a  current  of  0.0012  ampere.  The  re¬ 
quired  bias  resistance,  therefore,  is 
2/0.0012  =  1670  ohms.  If  60  Hz  is 
the  lowest  frequency  to  be  passed,  20 
microfarads  is  a  suitable  value  for  the 
bypass  capacitor.  The  B-supply,  of 
course,  is  increased  by  the  voltage  drop 
across  the  cathode  resistance  which,  in 
this  example,  is  approximately  5  volts. 
The  B-supply,  therefore,  is  250  -J-  5 
=  255  volts. 

Because  it  is  desirable  to  eliminate, 
if  possible,  the  bias  resistor  and  bypass 
capacitor,  it  is  worthwhile  to  try  other 
tubes  and  other  operating  conditions  to 
obtain  a  value  of  cathode  load  resist¬ 
ance  which  will  also  provide  the  re¬ 
quired  bias.  If  the  triode  section  of  twin 
diode-— high-mu  triode  6AT6  is  operated 
under  the  conditions  given  in  the  tech¬ 
nical  data  section  with  a  plate  voltage 
of  100  volts  and  a  bias  of  —1  volt,  it 
will  have  an  amplification  factor  of  70, 
a  plate  resistance  of  54000  ohms,  a 
transconductance  of  1300  micromhos, 
and  a  plate  current  of  0.0008  ampere. 
Then, 

Cathode  Rl  — 

_ 500  X  54000  , 

54000  -  500  X  (70  +  1)  “  1460  0  imS 

The  bias  voltage  obtained  across 
this  resistance  is  1460  X  0.0008  =  1.17 
volts.  Since  this  value  is  for  all  practical 
purposes  close  enough  to  the  required 
bias,  no  addition  bias  resistance  will 
be  required  and  the  grid  may  be  re¬ 
turned  directly  to  ground.  There  is  no 
need  to  adjust  the  B-supply  voltage  to 
make  up  for  the  drop  in  the  cathode 
resistor.  The  voltage  amplification 
(V.A.)  for  the  cathode-follower  circuit 
utilizing  the  triode  section  of  type 
6AT6  is 

v  . _ 70  X  1460  0  65 

V.A.  -  540()0  +  146Q  X  <70  +  1)  ‘  * 

For  applications  in  which  the  cath¬ 
ode  follower  is  used  to  isolate  two  cir¬ 
cuits — for  example,  when  it  is  used 
between  a  circuit  being  tested  and  the 
input  stage  of  an  oscilloscope  or  a 
vacuum-tube  voltmeter- — voltage  output 
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and  not  impedance  matching  is  the  pri¬ 
mary  consideration.  In  such  applica¬ 
tions  it  is  desirable  to  use  a  relatively 
high  value  of  cathode  load  resistance, 
such  as  50,000  ohms,  in  order  to  get  the 
maximum  voltage  output.  In  order  to 
obtain  proper  bias,  a  circuit  such  as 
that  of  Fig.  53  should  be  used.  With  a 
high  value  of  cathode  resistance,  the 
voltage  amplification  will  approximate 
unity. 

Corrective  Filters 

A  corrective  filter  can  be  used  to 
improve  the  frequency  characteristic  of 
an  output  stage  using  a  beam  power 
tube  or  a  pentode  when  inverse  feed¬ 
back  is  not  applicable.  The  filter  consists 
of  a  resistor  and  a  capacitor  connected 
in  series  across  the  primary  of  the  out¬ 
put  transformer.  Connected  in  this  way, 
the  filter  is  in  parallel  with  the  plate 
load  impedance  reflected  from  the  voice- 
coil  by  the  output  transformer.  The 
magnitude  of  this  reflected  impedance 
increases  with  increasing  frequency  in 
the  middle  and  upper  audio  range.  The 
impedance  of  the  filter,  however,  de¬ 
creases  with  increasing  frequency.  It 
follows  that,  by  use  of  the  proper  values 
for  the  resistance  and  the  capacitance 
in  the  filter,  the  effective  load  impedance 
on  the  output  tubes  can  be  made  prac¬ 
tically  constant  for  all  frequencies  in 
the  middle  and  upper  audio  range.  The 
result  is  an  improvement  in  the  fre¬ 
quency  characteristic  of  the  output 
stage. 

The  resistance  to  be  used  in  the 
filter  for  a  push-pull  stage  is  1.3  times 
the  recommended  plate-to-plate  load  re¬ 
sistance;  or,  for  a  single-tube  stage,  is 
1.3  times  the  recommended  plate  load 
resistance.  The  capacitance  in  the  filter 
should  have  a  value  such  that  the  volt¬ 
age  gain  of  the  output  stage  at  a  fre¬ 
quency  of  1000  Hz  or  higher  is  equal 
to  the  voltage  gain  at  400  Hz. 
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A  method  of  determining  the 
proper  value  of  capacitance  for  the  fil¬ 
ter  is  to  make  two  measurements  of  the 
output  voltage  across  the  primary  of 
the  output  transformer:  first,  when  a 
400-Hz  signal  is  applied  to  the  input, 
and  second,  when  a  1000-Hz  signal 
of  the  same  voltage  as  the  400-Hz 
signal  is  applied  to  the  input.  The  cor¬ 
rect  value  of  capacitance  is  the  one 
which  gives  equal  output  voltages  for 
the  two  signal  inputs.  In  practice,  this 
value  is  usually  found  to  be  in  the  order 
of  0.05  microfarad. 

Phonograph  and  Tape  Preamplifiers 

The  frequency  range  and  dynamic 
range*  which  can  be  recorded  on  a 
phonograph  record  or  on  magnetic  tape 
depend  on  several  factors,  including  the 
composition,  mechanical  characteristics, 
and  speed  of  the  record  or  tape,  and 
the  electrical  and  mechanical  character¬ 
istics  of  the  recording  equipment.  To 
achieve  wide  frequency  and  dynamic 
ranges,  manufacturers  of  commercial 
recordings  use  equipment  which  intro¬ 
duces  a  nonuniform  relationship  be¬ 
tween  amplitude  and  frequency.  This 
relationship  is  known  as  a  “recording 
characteristic.”  To  assure  proper  re¬ 
production  of  a  high-fidelity  recording, 
therefore,  some  part  of  the  reproducing 
system  must  have  a  frequency-response 
characteristic  which  is  the  inverse  of 
the  recording  characteristic.  Most  manu¬ 
facturers  of  high-fidelity  recordings  use 
the  RCA  “New  Orthophonic”  (RTAA) 
characteristic  for  discs  and  the  NARTB 
characteristic  for  magnetic  tape. 

The  simplest  type  of  equalization 
network  is  shown  in  Fig.  54.  Because 
the  capacitor  C  is  effectively  an  open 
circuit  at  low  frequencies,  the  low  fre¬ 
quencies  must  be  passed  through  the 
resistor  R  and  are  attenuated.  The  ca¬ 
pacitor  has  a  lower  reactance  at  high 
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Fig.  54 — Simple  RC  frequency-compensation  network. 

•  The  dynamic  range  of  an  amplifier  is  a  measure  of  its  signal-handling  capability.  The 
dynamic  range  expresses  in  dB  the  ratio  of  the  maximum  usable  output  signal  (generally 
for  a  distortion  of  about  10  per  cent)  to  the  minimum  usable  output  signal  (generally  for 
a  signal-to-noise  ratio  of  about  20  dB).  A  dynamic  range  of  40  dB  is  usually  acceptable; 
a  value  of  70  dB  is  exceptional  for  any  audio  system. 
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frequencies,  however,  and  bypasses 
high-frequency  components  around  R  so 
that  they  receive  negligible  attenuation. 
Thus  the  network  effectively  “boosts” 
the  high  frequencies.  This  type  of  equal¬ 
ization  is  called  “attenuative.” 

Some  typical  preamplifier  stages 
are  shown  in  the  Circuits  section.  The 
location  of  the  frequency-compensating 
network  or  “equalizer”  in  the  repro¬ 
ducing  system  will  depend  on  the  types 
of  recordings  which  are  to  be  repro¬ 
duced  and  on  the  pickup  devices  used. 

A  ceramic  high-fidelity  phonograph 
pickup  is  usually  designed  to  provide 
proper  compensation  for  the  RIAA  re¬ 
cording  characteristic  when  the  pickup 
is  operated  into  the  load  resistance  spec¬ 
ified  by  its  manufacturer.  Because  this 
type  of  pickup  also  has  relatively  high 
output  (0.5  to  1.5  volts),  it  does  not 
require  the  use  of  either  an  equalizer 
network  or  a  preamplifier,  and  can  be 
connected  directly  to  the  input  of  a 
tone-control  amplifier  and/or  power 
amplifier. 

A  magnetic  high-fidelity  phono¬ 
graph  pickup,  on  the  other  hand,  usually 
has  an  essentially  flat  frequency-re¬ 
sponse  characteristic  and  very  low  out¬ 
put  (1  to  10  millivolts).  Because  a 
pickup  of  this  type  merely  reproduces 
the  recording  characteristic,  it  must  be 
followed  by  an  equalizer  network,  as 
well  as  by  a  preamplifier  having  suf¬ 
ficient  voltage  gain  to  provide  the  input 
voltage  required  by  the  tone-control 
amplifier  and/or  power  amplifier.  Many 
designs  include  both  the  equalizing  and 
amplifying  circuits  in  a  single  unit. 

A  high-fidelity  magnetic-tape  pick¬ 
up  head,  like  a  magnetic  phonograph 
pickup,  reproduces  the  recording  char¬ 
acteristic  and  has  an  output  of  only  a 
few  millivolts.  This  type  of  pickup  de¬ 
vice,  therefore,  must  also  be  followed 
by  an  equalizing  network  and  pream¬ 
plifier,  or  by  a  preamplifier  which  pro¬ 
vides  “built-in”  equalization  for  the 
NARTB  characteristic. 


Feedback  networks  may  also  be 
used  for  frequency  compensation  and 
for  reduction  of  distortion.  Basically, 
a  feedback  network  returns  a  portion 
of  the  output  signal  to  the  input  circuit 
of  an  amplifier.  The  feedback  signal 
may  be  returned  in  phase  with  the  input 
signal  (positive  or  regenerative  feed¬ 
back)  or  180  degrees  out  of  phase  with 
the  input  signal  (negative,  inverse,  or 
degenerative  feedback).  In  either  case, 
the  feedback  can  be  made  proportional 
to  either  the  output  voltage  or  the  out¬ 
put  current,  and  can  be  applied  to  either 
the  input  voltage  or  the  input  current. 
A  negative  feedback  signal  proportional 
to  the  output  current  raises  the  output 
impedance  of  the  amplifier;  negative 
feedback  proportional  to  the  output 
voltage  reduces  the  output  impedance. 
A  negative  feedback  signal  applied  to 
the  input  current  decreases  the  input 
impedance;  negative  feedback  applied 
to  the  input  voltage  increases  the  input 
impedance.  Opposite  effects  are  pro¬ 
duced  by  positive  feedback. 

A  simple  negative  or  inverse  feed¬ 
back  network  which  provides  high- 
frequency  boost  is  shown  in  Fig.  55. 
This  network  provides  equalization 
comparable  to  that  obtained  with  Fig. 
54,  but  is  more  suitable  for  low-level 
amplifier  stages  because  it  does  not  re¬ 
quire  the  first  amplifier  stage  to  provide 
high-level  low  frequencies.  In  addition, 
the  inverse  feedback  improves  the  dis¬ 
tortion  characteristics  of  the  amplifier. 

Some  preamplifier  or  low-level 
audio  amplifier  circuits  include  variable 
resistors  or  potentiometers  which  func¬ 
tion  as  volume  or  tone  controls.  Such 
circuits  should  be  designed  to  minimize 
the  flow  of  dc  currents  through  these 
controls  so  that  little  or  no  noise  will 
be  developed  by  the  movable  contact 
during  the  life  of  the  circuit.  Volume 
controls  and  their  associated  circuits 
should  permit  variation  of  gain  from 
zero  to  maximum,  and  should  attenuate 
all  frequencies  equally  for  all  positions 
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Fig.  55— Negative-feedback  frequency-compensation  network . 
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of  the  variable  arm  of  the  control.  Sev¬ 
eral  examples  of  volume  controls  and 
tone  controls  are  shown  in  the  Circuits 
section. 

Tone  Controls 

A  tone  control  is  a  variable  filter 
(or  one  in  which  at  least  one  element  is 
adjustable)  by  means  of  which  the  user 
may  vary  the  frequency  response  of  an 
amplifier  to  suit  his  own  taste.  In  radio 
receivers  and  home  amplifiers,  the  tone 
control  usually  consists  of  a  resistance- 
capacitance  network  in  which  the  resist¬ 
ance  is  the  variable  element. 

The  simplest  form  of  tone  control 
Is  a  fixed  tone-compensating  or  “equaliz¬ 
ing”  network  such  as  that  shown  in 
Pig.  56.  This  type  of  network  is  often 


Fig,  56 — Tone-control  circuit  for  fixed  tone 
compensation  or  “equalizing” . 


used  to  equalize  the  low-  and  high-fre¬ 
quency  response  of  a  crystal  phono¬ 
graph  pickup.  At  low  frequencies  the 
attenuation  of  this  network  is  20.8  dB. 
As  the  frequency  is  increased,  the 
100-picofarad  capacitor  serves  as  a 
bypass  for  the  5-megohm  resistor,  and 
the  combined  impedance  of  the  resistor- 
capacitor  network  is  reduced.  Thus, 
more  of  the  crystal  output  appears 
across  the  0.5-megohm  resistor  at  high 


frequencies  than  at  low  frequencies,  and 
the  frequency  response  at  the  grid  is 
reasonably  flat  over  a  wide  frequency 
range.  Fig.  57  shows  a  comparison  be¬ 
tween  the  output  of  the  crystal  (curve 
A)  and  the  output  of  the  equalizing 
network  (curve  B).  The  response  curve 


Fig.  57~Curve  showing  output  from 
crystal  phonograph  pickup  (A)  and  from 
equalizing  network  (B). 


can  be  “flattened”  still  more  if  the 
attenuation  at  low  frequencies  is  in¬ 
creased  by  changing  the  0.5 -megohm 
resistor  to  0.125  megohm. 

The  tone-control  network  shown  in 
Fig.  58  has  two  stages  with  completely 
separate  bass  and  treble  controls.  Fig. 
59  shows  simplified  representations  of 
the  bass  control  of  this  circuit  when  the 
potentiometer  is  turned  to  its  extreme 
variations  (usually  labeled  “Boost”  and 
“Cut”).  In  this  network,  as  in  the  crys¬ 
tal-equalizing  network  shown  in  Fig. 
56,  the  parallel  RC  combination  is  the 
controlling  factor.  For  bass  “boost,”  the 
capacitor  Ca  bypasses  resistor  R3  so  that 
less  impedance  is  placed  across  the  out¬ 
put  to  grid  B  at  high  frequencies  than 
at  low  frequencies.  For  bass  “cut,”  the 
parallel  combination  is  shifted  so  that 
Ci  bypasses  Rs,  causing  more  high- 
frequency  than  low-frequency  output. 
Essentially,  the  network  is  a  variable- 


Fig,  58 — Two-stage  tone-control  circuit  incorporating  separate  bass  and  treble  controls. 
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frequency  voltage  divider.  With  proper 
values  for  the  components,  it  may  be 
made  to  respond  to  changes  in  the  R3 
potentiometer  setting  for  only  low  fre¬ 
quencies  (below  1000  Hz). 

BASS  BOOST  BASS  CUT 


Fig .  59 — Simplified  representations  of  bass- 
control  circuit  at  extreme  ends  of 
potentiometer. 


Fig.  60  shows  extreme  positions  of 
the  treble  control.  The  attenuation  of 
the  two  circuits  is  approximately  the 
same  at  1000  Hz.  The  treble  “boost” 
circuit  is  similar  to  the  crystal-equaliz¬ 
ing  network  shown  in  Fig.  56.  In  the 
treble  “cut”  circuit,  the  parallel  RC  ele¬ 
ments  serve  to  attenuate  the  signal  volt¬ 
age  further  because  the  capacitor  by¬ 
passes  the  resistance  across  the  output. 


TREBLE  BOOST  TREBLE  CUT 

R4  R4 


Fig.  60 — Simplified  representations  of 
treble-control  circuit  at  extreme  ends  of 
potentiometer . 


The  effect  of  the  capacitor  is  negligible 
at  low  frequencies;  beyond  1000  Hz, 
the  signal  voltage  is  attenuated  at  a 
maximum  rate  of  6  dB  per  octave. 

The  location  of  a  tone-control  net¬ 
work  is  of  considerable  importance.  In 
a  typical  radio  receiver,  it  may  be 
inserted  in  the  plate  circuit  of  the 
power  tube,  the  coupling  circuit  be¬ 
tween  the  first  af  amplifier  tube  and 
the  power  tube,  or  the  grid  circuit  of 
the  first  tube.  In  an  amplifier  using  a 
beam  power  tube  or  pentode  power 
amplifier  without  negative  feedback,  it 
is  desirable  to  connect  a  resistance- 


capacitance  filter  across  the  primary  of 
the  output  transformer.  This  filter  may 
be  fixed,  with  a  supplementary  tone 
control  elsewhere,  or  it  may  form  the 
tone  control  itself.  If  the  amplifier  in¬ 
corporates  negative  feedback,  the  tone 
control  may  be  inserted  in  the  feedback 
network  or  else  should  be  connected  to 
a  part  of  the  amplifier  which  is  ex¬ 
ternal  to  the  feedback  loop.  The  over¬ 
all  gain  of  a  well  designed  tone-control 
network  should  be  approximately  unity. 

Automatic  Volume  or 
Gain  Control 

The  chief  purpose  of  automatic 
volume  control  (avc)  or  automatic  gain 
control  (age)  in  a  radio  or  television 
receiver  is  to  prevent  fluctuations  in 
loudspeaker  volume  or  picture  bright¬ 
ness  when  the  audio  or  video  signal  at 
the  antenna  is  fading  in  and  out. 

An  automatic  volume  control  cir¬ 
cuit  regulates  the  receiver  rf  and  if  gain 
so  that  this  gain  is  less  for  a  strong  sig¬ 
nal  than  for  a  weak  signal.  In  this  way, 
when  the  signal  strength  at  the  antenna 
changes,  the  avc  circuit  reduces  the  re¬ 
sultant  change  in  the  voltage  output  of 
the  last  if  stage  and  consequently  re¬ 
duces  the  change  in  the  speaker  output 
volume. 

The  avc  circuit  reduces  the  rf  and 
if  gain  for  a  strong  signal  usually  by  in¬ 
creasing  the  negative  bias  of  the  rf,  if, 
and  frequency-mixer  stage  when  the 
signal  increases.  A  simple  avc  circuit  is 
shown  in  Fig.  61.  On  each  positive  half¬ 
cycle  of  the  signal  voltage,  when  the 
diode  plate  is  positive  with  respect  to 
the  cathode,  the  diode  passes  current. 


Fig.  61 — Automatic-volume-control  {avc) 
circuit. 

Because  of  the  flow  of  diode  current 
through  Ri,  there  is  a  voltage  drop 
across  Ri  which  makes  the  left  end  of 
Ri  negative  with  respect  to  ground.  This 
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voltage  drop  across  Ri  is  applied, 
through  the  filter  Ra  and  C,  as  negative 
bias  on  the  grids  of  the  preceding  stages. 
When  the  signal  strength  at  the  antenna 
increases,  therefore,  the  signal  applied 
to  the  avc  diode  increases,  the  voltage 
drop  across  Ri  increases,  the  negative 
bias  voltage  applied  to  the  rf  and  if 
stages  increases,  and  the  gain  of  the  rf 
and  if  stages  is  decreased.  Thus  the  in¬ 
crease  in  signal  strength  at  the  antenna 
does  not  produce  as  much  increase  in 
the  output  of  the  last  if  stage  as  it 
would  produce  without  avc. 

When  the  signal  strength  at  the 
antenna  decreases  from  a  previous 
steady  value,  the  avc  circuit  acts,  of 
course,  in  the  reverse  direction,  apply¬ 
ing  less  negative  bias,  permitting  the  rf 
and  if  gain  to  increase,  and  thus  reduc¬ 
ing  the  decrease  in  the  signal  output  of 
the  last  if  stage.  In  this  way,  when  the 
signal  strength  at  the  antenna  changes, 
the  avc  circuit  acts  to  reduce  change  in 
the  output  of  the  last  if  stage,  and  thus 
acts  to  reduce  change  in  loudspeaker 
volume. 

The  filter,  C  and  R2,  prevents  the 
avc  voltage  from  varying  at  audio  fre¬ 
quency.  The  filter  is  necessary  because 
the  voltage  drop  across  Ri  varies  with 
the  modulation  of  the  carrier  being  re¬ 
ceived.  If  avc  voltage  were  taken  di¬ 
rectly  from  Ri  without  filtering,  the 
audio  variations  in  avc  voltage  would 
vary  the  receiver  gain  so  as  to  smooth 
out  the  modulation  of  the  carrier.  To 
avoid  this  effect,  the  avc  voltage  is  taken 
from  the  capacitor  C.  Because  of  the 
resistance  R3  in  series  with  C,  the  capa¬ 
citor  C  can  charge  and  discharge  at  only 
a  comparatively  slow  rate.  The  avc  volt¬ 
age  therefore  cannot  vary  at  frequencies 
as  high  as  the  audio  range  but  can  vary 
at  frequencies  high  enough  to  compen¬ 
sate  for  most  fading.  Thus  the  filter 
permits  the  avc  circuit  to  smooth  out 
variations  in  signal  due  to  fading,  but 
prevents  the  circuit  from  smoothing  out 
audio  modulation. 

It  will  be  seen  that  an  avc  circuit 
and  a  diode-detector  circuit  are  much 
alike.  It  is  therefore  convenient  in  a  re¬ 
ceiver  to  combine  the  detector  and  the 
avc  diode  in  a  single  stage.  Examples  of 
how  these  functions  are  combined  in 


receivers  are  shown  in  Circuits  section. 

In  the  circuit  shown  in  Fig.  61,  a 
certain  amount  of  avc  negative  bias  is 
applied  to  the  preceding  stages  on  a 
weak  signal.  Because  it  may  be  desir¬ 
able  to  maintain  the  receiver  rf  and  if 
gain  at  the  maximum  possible  value  for 
a  weak  signal,  avc  circuits  are  designed 
in  some  cases  to  apply  no  avc  bias  until, 
the  signal  strength  exceeds  a  certain 
value.  These  avc  circuits  are  known  as 
delayed  avc  or  davc  circuits. 

A  davc  circuit  is  shown  in  Fig.  62. 
In  this  circuit,  the  diode  section  Di  of 
the  6AL5  acts  as  detector  and  avc  diode. 


Fig.  62 — Delayed  avc  (davc)  circuit. 

Ri  is  the  diode  load  resistor  and  R2  and 
Ca  are  the  avc  filter.  Because  the  cath¬ 
ode  of  diode  Da  is  returned  through  a 
fixed  supply  of  —3  volts  to  the  cathode 
of  Dt,  a  dc  current  flows  through  Ri 
and  R2  in  series  with  Da.  The  voltage 
drop  caused  by  this  current  places  the 
avc  lead  at  approximately  —3  volts  (less 
the  negligible  drop  through  Da).  When 
the  average  amplitude  of  the  rectified 
signal  developed  across  Ri  does  not  ex¬ 
ceed  3  volts,  the  avc  lead  remains  at 
— 3  volts.  Hence,  for  signals  not  strong 
enough  to  develop  3  volts  across  Rs, 
the  bias  applied  to  the  controlled  tubes 
stays  constant  at  a  value  giving  high 
sensitivity. 

However,  when  the  average  ampli¬ 
tude  of  rectified  signal  voltage  across 
Rx  exceeds  3  volts,  the  plate  of  diode 
Da  becomes  more  negative  than  the 
cathode  of  Da  and  current  flow  in  diode 
Da  ceases.  The  potential  of  the  avc 
lead  is  then  controlled  by  the  voltage 
developed  across  Ri.  Therefore,  with 
further  increase  in  signal  strength,  the 
avc  circuit  applies  an  increasing  avc 


48 


RCA  Receiving  Tube  Manual 


bias  voltage  to  the  controlled  stages.  In 
this  way,  the  circuit  regulates  the  re¬ 
ceiver  gain  for  strong  signals,  but  per¬ 
mits  the  gain  to  stay  constant  at  a  maxi¬ 
mum  value  for  weak  signals. 

It  can  be  seen  in  Fig.  62  that  a  por¬ 
tion  of  the  —3  volts  delay  voltage  is 
applied  to  the  plate  of  the  detector 
diode  Di,  this  portion  being  approxi¬ 
mately  equal  to  Ri/(Ri  ~|-  R2)  times  —3 
volts.  Hence,  with  the  circuit  constants 
as  shown,  the  detector  plate  is  made 
negative  with  respect  to  its  cathode  by 
approximately  one-half  volt.  However, 
this  voltage  does  not  interfere  with  de¬ 
tection  because  it  is  not  large  enough 
to  prevent  current  flow  in  the  tube. 

Automatic  gain  control  (age)  com¬ 
pensates  for  fluctuations  in  rf  picture 
carrier  amplitude.  The  peak  carrier  level 
rather  than  the  average  carrier  level  is 
controlled  by  the  age  voltage  because 
the  peaks  of  the  sync  pulses  are  fixed 
when  inserted  on  a  fixed  carrier  level. 
The  peak  carrier  level  may  be  deter¬ 
mined  by  measurement  of  the  peaks  of 
the  sync  pulses  at  the  output  of  the 
video  detector. 

A  conventional  age  circuit,  such  as 
that  shown  in  Fig.  63,  consists  of  a  diode 


Fig.  63 — Automatic-gain  control  {age} 
circuit . 


detector  circuit  and  an  RC  filter.  The 
time  constant  of  the  detector  circuit  is 
made  large  enough  to  prevent  the  pic¬ 
ture  content  from  influencing  the  mag¬ 
nitude  of  the  age  voltage.  The  output 
voltage  (age  voltage)  is  equal  to  the 
peak  value  of  the  incoming  signal. 

The  diode  detector  receives  the  in¬ 
coming  signal  from  the  last  if  stage  of 
the  television  receiver  through  the  ca¬ 
pacitor  Ci.  The  resistor  Ri  provides  the 
load  for  the  diode.  The  diode  conducts 
only  when  its  plate  is  driven  positive 
with  respect  to  its  cathode.  Electrons 
then  flow  from  the  cathode  to  the  plate 
and  thence  into  capacitor  C,  where  the 
negative  charge  is  stored.  Because  of  the 


low  impedance  offered  by  the  diode  dur¬ 
ing  conduction,  Ci  charges  up  to  the 
value  of  the  peak  applied  voltage. 

During  the  negative  excursion  of 
the  signal,  the  diode  does  not  conduct, 
and  Ci  discharges  through  resistor  Ri. 
Because  of  the  large  time  constant  of 
RiQt,  however,  only  a  small  percentage 
of  the  voltage  across  Ci  is  lost  during 
the  interval  between  horizontal  sync 
pulses.  During  succeeding  positive 
cycles,  the  incoming  signal  must  over¬ 
come  the  negative  charge  stored  in  Ci 
before  the  diode  conducts,  and  plate 
current  flows  only  at  the  peak  of  each 
positive  cycle.  The  voltage  across  Ci, 
therefore,  is  determined  by  the  level  of 
the  peaks  of  the  positive  cycles,  or  the 
sync  pulses. 

The  negative  voltage  developed 
across  resistor  Ri  by  the  sync  pulses  is 
filtered  by  resistor  R2  and  capacitor  C2 
to  remove  the  15,750-cycle  ripple  of 
the  horizontal  sync  pulse.  The  dc  out¬ 
put  is  then  fed  to  the  if  and  rf  ampli¬ 
fiers  as  an  age  voltage. 

This  age  system  may  be  expanded 
to  include  amplification  of  the  age  sig¬ 
nal  before  detection  of  the  peak  level,  or 
amplification  of  the  dc  output,  or  both. 
A  direct-coupled  amplifier  must  be  used 
for  amplification  of  the  dc  signal.  The 
addition  of  amplification  makes  the  sys¬ 
tem  more  sensitive  to  changes  in  carrier 
level. 

A  “keyed”  age  system  such  as  that 
shown  in  Fig.  64  is  used  to  eliminate 
flutter  and  to  improve  noise  immunity 
in  weak  signal  areas.  This  system  pro¬ 
vides  more  rapid  action  than  the  con¬ 
ventional  age  circuits  because  the  filter 
circuit  can  employ  lower  capacitance 
and  resistance  values. 

VIDEO 


\f  STAGE 


Fig.  64 — “Keyed”  age  circuit , 
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In  the  keyed  age  system,  the  nega¬ 
tive  output  of  the  video  detector  is  fed 
directly  to  the  grid  No.  1  of  the  first 
video  amplifier.  The  positive  output  of 
the  video  amplifier  is,  in  turn,  fed  di¬ 
rectly  to  the  grid  No.  1  of  the  keyed  age 
amplifier.  The  video  stage  increases  the 
gain  of  the  age  system  and,  in  addition, 
provides  noise  clipping.  The  plate  volt¬ 
age  for  the  age  amplifier  is  a  positive 
pulse  obtained  from  a  small  winding  on 
the  horizontal  output  transformer  which 
is  in  phase  with  the  horizontal  sync 
pulse  obtained  from  the  video  amplifier. 
The  polarity  of  this  pulse  is  such  that 
the  plate  of  the  age  amplifier  tube  is 
positive  during  the  retrace  time.  The 
tube  is  biased  so  that  current  flows  only 
when  the  grid  No.  1  and  the  plate  are 
driven  positive  simultaneously.  The 
amount  of  current  flow  depends  on  the 
grid-No.  1  potential  during  the  pulse. 
These  pulses  are  smoothed  out  in  the 
RC  network  in  the  plate  circuit  (RiCi). 
Because  the  dc  voltage  developed  across 
Ri  is  negative,  it  is  suitable  for  appli¬ 
cation  to  the  grids  of  the  rf  and  if  tubes 
as  an  age  voltage. 

High-Fidelity  Amplifiers 

Several  high-fidelity  amplifiers  are 
shown  in  the  Circuits  section.  The  per¬ 
formance  capabilities  of  such  amplifiers 
are  usually  given  in  terms  of  frequency 
response,  total  harmonic  distortion, 
maximum  power  output,  and  noise 
level. 

To  provide  high-fidelity  reproduc¬ 
tion  of  audio  program  material,  an  am¬ 
plifier  should  have  a  frequency  response 
which  does  not  vary  more  than  1  db 
over  the  entire  audio  spectrum.  General 
practice  is  to  design  the  amplifier  so 
that  its  frequency  response  is  flat  within 
1  dB  from  a  frequency  below  the  low¬ 
est  to  be  reproduced  to  one  well  above 
the  upper  limit  of  the  audible  region. 

Harmonic  distortion  and  inter¬ 
modulation  distortion  produce  changes 
in  program  material  which  may  have 
adverse  effects  on  the  quality  of  the 
reproduced  sound.  Harmonic  distortion 
causes  a  change  in  the  character  of  an 
individual  tone  by  the  introduction  of 
harmonics  which  were  not  originally 
present  in  the  program  material  For 


high-fidelity  reproduction,  total  harr 
monic  distortion  (expressed  as  a  per¬ 
centage  of  the  output  power)  should  not 
be  greater  than  about  1  per  cent  at  the 
desired  listening  level.  Types  such  as 
the  6973,  7027A  and  7868  are  designed 
to  provide  extremely  low  harmonic  dis¬ 
tortion  in  suitably  designed  push-pull 
amplifier  circuits, 

Intermodulation  distortion  is  a 
change  in  the  waveform  of  an  individual 
tone  as  a  result  of  interaction  with  an¬ 
other  tone  present  at  the  same  time  in 
the  program  material.  This  type  of  dis¬ 
tortion  not  only  alters  the  character  of 
the  modulated  tone,  but  may  also  result 
in  the  generation  of  spurious  signals  at 
frequencies  equal  to  the  sum  and  dif¬ 
ference  of  the  interacting  frequencies. 
Intermodulation  distortion  should  be 
less  than  2  per  cent  at  the  desired  listen¬ 
ing  level.  In  general,  any  amplifier 
which  has  low  intermodulation  distor¬ 
tion  will  have  very  low  harmonic  dis¬ 
tortion. 

The  maximum  power  output  which 
a  high-fidelity  amplifier  should  deliver 
depends  upon  a  complex  relation  of  sev¬ 
eral  factors,  including  the  size  and 
acoustical  characteristics  of  the  listen¬ 
ing  area,  the  desired  listening  level,  and 
the  efficiency  of  the  loudspeaker  sys¬ 
tem.  Practically,  however,  it  is  possible 
to  determine  amplifier  requirements  in 
terms  of  room  size  and  loudspeaker 
efficiency. 

The  acoustic  power  required  to  re¬ 
produce  the  loudest  passages  of  orches¬ 
tral  music  at  concert-hall  level  in  the 
average-size  living  room  is  about  0.4 
watt.  Because  high-fidelity  loudspeakers 
of  the  type  generally  available  for  home 
use  have  an  efficiency  of  only  about  5 
per  cent,  the  output  stage  of  the  ampli¬ 
fier  should  therefore  be  able  to  deliver 
a  power  output  of  at  least  8  watts.  Be¬ 
cause  many  wide-range  loudspeaker  sys¬ 
tems,  particularly  those  using  frequency- 
divider  networks,  have  efficiencies  of 
less  than  5  per  cent,  output  tubes  used 
with  such  systems  must  have  corre¬ 
spondingly  larger  power  outputs.  The 
6973,  7027A,  7189,  and  7868  can  pro¬ 
vide  ample  output  for  most  systems 
when  used  in  suitable  push-pull  circuits. 

The  noise  level  of  a  high-fidelity 
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amplifier  determines  the  range  of 
volume  the  amplifier  is  able  to  repro¬ 
duce,  i.e.,  the  difference  (usually  ex¬ 
pressed  in  decibels)  between  the  loudest 
and  softest  sounds  in  program  material. 
Because  the  greatest  volume  range  util¬ 
ized  in  electrical  program  material  at 
the  present  time  is  about  60  dB,  the 
noise  level  of  a  high-fidelity  amplifier 
should  be  at  least  60  dB  below  the  sig¬ 
nal  level  at  the  desired  listening  level. 

Limiters 

An  amplifier  may  also  be  used  as 
a  limiter.  One  use  of  a  limiter  is  in 
receivers  designed  for  the  reception  of 
frequency-modulated  signals.  The  lim¬ 
iter  in  FM  receivers  has  the  function  of 
eliminating  amplitude  variations  from 
the  input  to  the  detector.  Because  in 
an  FM  system  amplitude  variations  are 
primarily  the  result  of  noise  disturb¬ 
ances,  the  use  of  a  limiter  prevents 
such  disturbances  from  being  repro¬ 
duced  in  the  audio  output.  The  limiter 
usually  follows  the  last  if  stage  so 
that  it  can  minimize  the  effects  of  dis¬ 
turbances  coming  in  on  the  rf  carrier 
and  those  produced  locally. 

The  limiter  is  essentially  an  if  volt¬ 
age  amplifier  designed  for  saturated 
operation.  Saturated  operation  means 
that  an  increase  in  signal  voltage  above 
a  certain  value  produces  very  little  in¬ 
crease  in  plate  current.  A  signal  voltage 
which  is  never  less  than  sufficient  to 
cause  saturation  of  the  limiter,  even  on 
weak  signals,  is  supplied  to  the  limiter 
input  by  the  preceding  stages.  Any 
change  in  amplitude,  therefore,  such  as 
might  be  produced  by  noise  voltage 
fluctuation,  is  not  reproduced  in  the 
limiter  output.  The  limiting  action,  of 
course,  does  not  interfere  with  the  re¬ 
production  of  frequency  variations. 

Plate-current  saturation  of  the  lim- 
dter  may  be  obtained  by  the  use  of  grid- 
No.  1  resistor-and-capacitor  bias  with 
plate  and  grid-No.  2  voltages  which  are 
low  compared  with  customary  if-ampli- 
fier  operating  conditions. 

As  a  result  of  these  design  features, 
the  limiter  is  able  to  maintain  its  output 
voltage  at  a  constant  amplitude  over  a 
wide  range  of  input-signal  voltage  varia¬ 
tions.  The  output  of  the  limiter  is  fre¬ 
quency-modulated  if  voltage,  the  mean 


frequency  of  which  is  that  of  the  if 
amplifier.  This  voltage  is  impressed  on 
the  input  of  the  detector. 

The  reception  of  FM  signals  with¬ 
out  serious  distortion  requires  that  the 
response  of  the  receiver  be  such  that 
satisfactory  amplification  of  the  signal 
is  provided  over  the  entire  range  of  fre¬ 
quency  deviation  from  the  mean  fre¬ 
quency.  Since  the  frequency  at  any 
instant  depends  on  the  modulation  at 
that  instant,  it  follows  that  excessive 
attenuation  toward  the  edges  of  the 
band,  in  the  rf  or  if  stages,  will  cause 
distortion.  In  a  high-fidelity  receiver, 
therefore,  the  amplifiers  must  be  capa¬ 
ble  of  amplifying,  for  the  maximum 
permissible  frequency  deviation  of  75 
kHz,  a  band  150  kHz  wide.  Suitable 
tubes  for  this  purpose  are  the  6BA6  and 
6BJ6. 

Volume  Compressors  and  Expanders 

Volume  compression  and  expan¬ 
sion  are  used  in  FM  transmitters  and 
receivers  and  in  recording  devices  and 
amplifiers  to  make  more  natural  the 
reproduction  of  music  which  has  a  very 
large  volume  range.  For  example,  in  the 
music  of  a  symphony  orchestra  the 
sound  intensity  of  the  soft  passages  is 
very  much  lower  than  that  of  the  loud 
passages.  When  this  low  volume  level 
is  raised  above  the  background  noise 
for  transmitting  or  recording,  the  peak 
level  of  the  program  material  may  be 
raised  to  an  excessively  high  volume 
level.  It  is  otten  necessary,  therefore,  to 
compress  the  volume  range  of  the  pro¬ 
gram  content  within  the  maximum  capa¬ 
bilities  of  the  FM  transmitter  or  the 
recording  device.  Exceeding  a  maximum 
peak  volume  level  for  FM  modulation 
corresponds  to  exceeding  the  allowed 
bandwidth  for  transmission.  In  some  re¬ 
cording  devices,  excessive  peak  volume 
levels  may  cause  overloading  and  dis¬ 
tortion. 

Volume  compression  may  be  ac¬ 
complished  by  either  manual  or  auto¬ 
matic  control.  The  types  of  compression 
used  include  peak  limiters,  volume  limi¬ 
ters,  and  volume  compressors.  A  peak 
limiter  limits  the  peak  power  to  some 
predetermined  level.  A  volume  limiter 
provides  gain  reduction  based  on  an 
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average  signal  level  above  a  prede¬ 
termined  level.  A  volume  compressor 
provides  gain  reduction  for  only  the 
sustained  loud  portions  of  the  sound 
level.  Only  volume  compressors  can  be 
correctly  compensated  for  with  volume 
expanders. 

For  faithful  reproduction  of  the 
original  sound,  the  volume  expander 
used  in  the  FM  receiver  or  audio  ampli¬ 
fier  should  have  the  reverse  characteris¬ 
tic  of  the  volume  compressor  used  in 
the  FM  transmitter  or  recording  device. 
In  general,  the  basic  requirements  for 
either  a  volume  compressor  or  expander 
are  shown  in  the  block  diagram  of 
Fig.  65.  In  a  volume  compressor,  the 


Fig.  65 — Block  diagram  of  volume  com¬ 
pressor  or  expander  circuit. 


variable-gain  amplifier  Vi  has  greater 
gain  for  a  low-amplitude  signal  than  for 
a  high-amplitude  signal;  therefore,  soft 
passages  are  amplified  more  than  loud 
ones.  In  an  expander,  the  gain  is  greater 
for  high-amplitude  signals  than  for  low- 
amplitude  signals;  therefore,  loud  pas¬ 
sages  are  amplified  more  than  soft  ones 
and  the  original  amplitude  ratio  is  re¬ 
stored. 

In  the  diagram  shown  in  Fig.  65, 
the  signal  to  be  amplified  is  applied  to 
Vi,  and  a  portion  of  the  signal  is  also 
applied  to  Vs.  The  amplified  output 
from  V2  is  then  rectified  by  Vs,  and  ap¬ 
plied  as  a  negative  (for  compressors)  or 
positive  (for  expanders)  bias  voltage  to 
Vi.  As  this  bias  voltage  varies  with 
variations  in  signal  amplitude,  the  gain 
of  Vi  also  varies  to  produce  the  de¬ 
sired  compression  or  expansion  of  the 
signal. 

Tubes  having  a  large  dynamic 
range  provide  the  best  results  in  volume 


compressor  or  expander  applications, 
Examples  of  such  types  are  the  6816 
and  6BE6.  Push-pull  operation  is  gen¬ 
erally  desired  for  the  variable-gain  am¬ 
plifier  to  prevent  high  distortion  and 
other  undesirable  effects  which  may  oc¬ 
cur  in  volume  compressors  and  expand¬ 
ers. 

Phase  Inverters 

A  phase  inverter  is  a  circuit  used 
to  provide  resistance  coupling  between 
the  output  of  a  single-tube  stage  and  the 
input  of  a  push-pull  stage.  The  neces¬ 
sity  for  a  phase  inverter  arises  because 
the  signal-voltage  inputs  to  the  grids 
of  a  push-pull  stage  must  be  180  de¬ 
grees  out  of  phase  and  approximately 
equal  in  amplitude  with  respect  to  each 
other.  Thus,  when  the  signal  voltage 
input  to  a  push-pull  stage  swings  the 
grid  of  one  tube  in  a  positive  direction, 
it  should  swing  the  grid  of  the  other 
tube  in  a  negative  direction  by  a  simi¬ 
lar  amount.  With  transformer  coupling 
between  stages,  the  out-of-phase  input 
voltage  to  the  push-pull  stage  is  sup¬ 
plied  by  means  of  the  center-tapped 
secondary.  With  resistance  coupling,  the 
out-of-phase  input  voltage  is  obtained 
by  means  of  the  inverter  action  of  a 
tube. 

Fig.  66  shows  a  push-pull  power 
amplifier,  resistance-coupled  by  means 
of  a  phase-inverter  circuit  to  a  single- 
stage  triode  Ti.  Phase  inversion  in  this 
circuit  is  provided  by  triode  To.  The  out¬ 
put  voltage  of  Ti  is  applied  to  the  grid 
No.  1  of  tetrode  Ta.  A  portion  of  the 
output  voltage  of  Tx  is  also  applied 
through  the  resistors  Ra  and  R5  to  the 


Fig.  66 — Push-pull  power  amplifier  resist¬ 
ance-coupled  to  triode  by  means  of  phase 
inverter. 
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grid  of  T«.  The  output  voltage  of  T2 
is  applied  to  the  grid  No.  1  of  tetrode 
T,. 

When  the  output  voltage  of  Ti 
swings  in  the  positive  direction,  the 
plate  current  of  T2  increases.  This  action 
increases  the  voltage  drop  across  the 
plate  resistor  Rs  and  swings  the  plate  of 
Ty  in  the  negative  direction.  Thus,  when 
the  output  voltage  of  Ti  swings  positive, 
the  output  voltage  of  T3  swings  negative 
and  is,  therefore,  180  degrees  out  of 
phase  with  the  output  voltage  of  TL. 

In  order  to  obtain  equal  voltages  at 
Ea  and  Eb,  (Ra  +  Rs)/Rs'  should  equal 
the  voltage  gain  of  T2.  Under  the  con¬ 
dition  where  a  twin-type  tube  or  two 
tubes  having  the  same  characteristics  are 
used  as  Ti  and  T2,  R*  should  be  equal 
to  the  sum  of  R3  and  Rc.  The  ratio  of 
R;J  +  Rk  to  R5  should  be  the  same  as 
the  voltage  gain  ratio  of  Ts  in  order  to 
apply  the  correct  value  of  signal  voltage 
to  T2.  The  value  of  Rs  is,  therefore, 
equal  to  R*  divided  by  the  voltage  gain 
of  To;  R»  is  equal  to  Ri  minus  RB.  Values 
of  Ri,  Rs,  R«  plus  R.->,  and  R*  may  be 
taken  from  the  chart  in  the  Resistance- 
Coupled  Amplifiers  section.  In  the  prac¬ 
tical  application  of  this  circuit,  it  is  con¬ 
venient  to  use  a  twin-triode  tube  com¬ 
bining  Ti  and  Ta. 

T lined  A  mplifiers 

In  radio-frequency  (rf)  and  inter¬ 
mediate-frequency  (if)  amplifiers,  the 
bandwidth  of  frequencies  to  be  amplified 
is  usually  only  a  small  percentage  of 
the  center  frequency.  Tuned  amplifiers 
are  used  in  these  applications  to  select 
the  desired  bandwidth  of  frequencies 
and  to  suppress  unwanted  frequencies. 
The  selectivity  of  the  amplifier  is  ob¬ 
tained  by  means  of  tuned  interstage 
coupling  networks. 

The  properties  of  tuned  amplifiers 
depend  upon  the  characteristics  of 
resonant  circuits.  A  simple  parallel  reso¬ 
nant  circuit  (sometimes  called  a  “tank” 
because  it  stores  energy)  is  shown  in 
Fig.  67.  For  practical  purposes  the 
resonant  frequency  of  such  a  circuit 
may  be  considered  independent  of  the 
resistance  R,  provided  R  is  small  com¬ 
pared  to  the  inductive  reactance  Xl. 


The  resonant  frequency  fr  is  then  given 
by 


2ir\/LC 

For  any  given  resonant  frequency,  the 
product  of  L  and  C  is  a  constant;  at  low 
frequencies  LC  is  large;  at  high  fre¬ 
quencies  it  is  small. 

The  Q  (selectivity)  of  a  parallel 
resonant  circuit  alone  is  the  ratio  of 
the  current  in  the  tank  (II  or  Ic)  to  the 
current  in  the  line  (I).  This  unloaded  Q, 
or  Qo,  may  be  expressed  in  various 
ways,  for  example: 

^  __  lo  _  Xl  _  R,> 

Ql”  I  ”  R  Xc 

where  XTj  is  the  inductive  reactance 
(=  2irfL),  Xc  is  the  capacitive  reactance 
(=  l/[2irfC]),  and  RP  is  the  total  im¬ 
pedance  of  the  parallel  resonant  circuit 


Fig.  67 — Simple  parallel  resonant  circuit . 
(tank)  at  resonance.  The  Q  varies  in¬ 
versely  with  the  resistance  of  the  induc¬ 
tor.  The  lower  the  resistance,  the  higher 
the  Q  and  the  greater  the  difference 
between  the  tank  impedance  at  frequen¬ 
cies  off  resonance  compared  to  the  tank 
impedance  at  the  resonant  frequency. 

The  Q  of  a  tuned  interstage  cou¬ 
pling  network  also  depends  upon  the 
impedances  of  the  preceding  and  follow¬ 
ing  stages.  The  output  impedance  of 
a  tube  can  be  considered  as  consist¬ 
ing  of  a  resistance  Ro  in  parallel  with  a 
capacitance  Co,  as  shown  in  Fig.  68. 
Similarly,  the  input  impedance  can  be 
considered  as  consisting  of  a  resistance 
Ri  in  parallel  with  a  capacitance  Ci.  Be¬ 
cause  the  tuned  circuit  is  shunted  by 
both  the  output  impedance  of  the  pre¬ 
ceding  tube  and  the  input  impedance  of 
the  following  tube,  the  effective  selec¬ 
tivity  of  the  circuit  is  the  loaded  Q  (or 
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Fig.  68 — 
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Equivalent  output  and  input  circuits  of  tubes  connected  by  a  coupling  network. 


Ql)  based  upon  the  total  impedance  of 
the  coupled  network,  as  follows: 
total  loading  on) 
coil  at  resonance) 

vi-  —  - - — - - 

Xl  or  Xc 

The  capacitances  Co  and  C»  in  Fig. 
68  are  usually  considered  as  part  of  the 
coupling  network.  For  example,  if  the 
required  capacitance  between  terminals 
1  and  2  of  the  coupling  network  is  cal¬ 
culated  to  be  500  picofarads  and  the 
value  of  Co  is  10  picofarads,  a  capacitor 
of  490  picofarads  is  used  between  ter¬ 
minals  1  and  2  so  that  the  total  capa¬ 
citance  is  500  picofarads.  The  same 
method  is  used  to  allow  for  the  capa¬ 
citance  Ci  at  terminals  3  and  4. 

When  a  tuned  resonant  circuit  in 
the  primary  winding  of  a  transformer 
is  coupled  to  the  nonresonant  secondary 
winding  of  the  transformer,  as  shown 
in  Fig.  69,  the  effect  of  the  input  im¬ 
pedance  of  the  following  stage  on  the 
Q  of  the  tuned  circuit  can  be  deter¬ 
mined  by  considering  the  values  reflected 
(or  referred)  to  the  primary  circuit  by 


Fig.  69 — Equivalent  circuit  for  transformer- 
coupling  network  having  tuned  primary 
winding. 


and  the  secondary  winding  of  T.  if  there 
is  capacitance  in  the  secondary  circuit 
(C«),  it  is  reflected  to  the  primary  cir¬ 
cuit  as  a  capacitance  Cs,„  and  is  given 
by 

C8P  =  CP  -  (Ni/Na)2 

The  loaded  Q,  or  Qr,,  is  then  calculated 
on  the  basis  of  the  inductance  Lp,  the 
total  shunt  resistance  (Ro  plus  n  plus 
the  tuned-circuit  impedance  Zt  =  Q«XC 
=  QoXl),  and  the  total  capacitance 
(CP  +  C«P)  in  the  tuned  circuit. 

Fig.  70  shows  a  coupling  network 
which  consists  of  a  single-tuned  circuit 
using  mutual  inductive  coupling.  The 


Fig.  70— Equivalent  circuit  for  transformer¬ 
coupling  network  using  inductive  coupling. 


capacitance  Ct  includes  the  effects  of 
both  the  output  capacitance  of  the  pre¬ 
ceding  tube  and  the  input  capacitance 
of  the  following  tube  (referred  to  the 
primary  of  transformer  Tt)  .  The  band¬ 
width  of  a  single-tuned  transformer  is 
determined  by  the  half-power  points  on 
the  resonance  curve  ( — 3  dB  or  0.707 
down  from  the  maximum).  Under  these 
conditions,  the  band  pass  Af  is  equal 
to  the  ratio  of  the  center  or  resonant 
frequency  fr  divided  by  the  loaded  (ef¬ 
fective)  Q  of  the  circuit,  as  follows: 


transformer  action.  The  reflected  re¬ 
sistance  rx  is  equal  to  the  resistance 
Rx  in  the  secondary  circuit  times  the 
square  of  the  effective  turns  ratio 
between  the  primary  and  secondary 
windings  of  the  transformer  T: 
n  =  Ri  (Nt/N2)2 

where  Ni/N2  represents  the  electrical 
turns  ratio  between  the  primary  winding 


Af  =  fr/Ql/ 

In  high-frequency  tuned  amplifiers, 
where  the  input  impedance  is  typically 
low,  mutual  inductive  coupling  may  be 
impracticable  because  of  the  small 
number  of  turns  in  the  secondary  wind¬ 
ing.  It  is  extremely  difficult  in  practice 
to  construct  a  fractional  part  of  a  turn. 
In  such  cases,  capacitance  coupling  may 
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Fig.  71 — Single-tuned  coupling  network  using  capacitive  division. 


be  used,  as  shown  in  Fig.  71.  This  ar¬ 
rangement,  which  is  also  called  capaci¬ 
tive  division,  is  similar  to  tapping 
down  on  a  coil  at  or  near  resonance. 
Impedance  transformation  in  this  net¬ 
work  is  determined  by  the  ratio  between 
capacitors  Ci  and  C2.  Capacitor  Ci  is 
normally  much  smaller  than  C2;  thus  the 
capacitive  reactance  Xoi  is  normally 
much  larger  than  Xca.  Provided  the  in¬ 
put  resistance  of  the  following  tube  is 
much  greater  than  Xcs,  the  effective 
turns  ratio  from  the  top  of  the  coil  to 
the  input  of  the  following  tube  is  (Ci  -f 
C2) /Ci.  The  total  capacitance  Ct  across 
the  inductance  L  is  given  by 

c  C’C- 
~  Cl  +  c3 

The  resonant  frequency  fr  is  then  given 
by 

1 

fr  = - — 

2*VLiCt 

Double-tuned  interstage  coupling 
networks  are  often  used  in  preference  to 
single-tuned  networks  to  provide  flatter 
frequency  response  within  the  pass 
band,  a  sharper  drop  in  response  im¬ 
mediately  adjacent  to  the  ends  of  the 
pass  band,  or  more  attenuation  at  fre¬ 
quencies  far  removed  from  resonance. 
In  synchronous  double-tuned  networks, 
both  the  resonant  circuit  in  the  input 
of  the  coupling  network  and  the  reson¬ 
ant  circuit  in  the  output  are  tuned  to 
the  same  resonant  frequency.  In  “stag¬ 
ger-tuned’’  networks,  the  two  resonant 
circuits  are  tuned  to  slightly  different 
resonant  frequencies  to  provide  a  more 
rectangular  band  pass  with  sharper 
selectivity  at  the  ends  of  the  pass  band. 
Double-tuned  or  stagger-tuned  networks 
may  use  capacitive,  inductive,  or  mutual 
inductance  coupling,  or  any  combina¬ 
tion  of  the  three. 

Television  Tuners 
The  vhf  tuner  of  a  television  re¬ 
ceiver  selects  the  desired  frequency 


channel  in  the  range  from  55  to  216 
MHz,  amplifies  it,  and  converts  it  to  a 
lower  intermediate  frequency.  These 
functions  are  accomplished  in  rf-ampli- 
fier,  mixer,  and  local-oscillator  stages 
employing  tube  types  that  are  designed 
specifically  for  these  applications.  The 
rf-amplifier  stage  uses  a  high-transcon¬ 
ductance  tube  that  has  small  dimensions 
to  maintain  low  interelectrode  capa¬ 
citances,  particularly  between  grid  and 
plate.  The  mixer  and  oscillator  stages 
usually  employ  a  dual-unit  triode-pen- 
tode  unit  and  a  medium-mu  triode  unit. 

Fig.  72  shows  a  simplified  sche¬ 
matic  diagram  of  a  typical  vhf  televi¬ 
sion  tuner.  The  balun  converts  the  300- 
ohm  balanced  antenna  impedance  to  an 
imbalanced  impedance  of  75  ohms.  The 
high-pass  filter  eliminates  lower-fre¬ 
quency  interference  signals.  The  tuner 
is  set  to  the  desired  frequency  by  simul¬ 
taneous  adjustment  of  the  inductances 
indicated  by  the  several  sets  of  arrows 
in  Fig.  72.  The  inductances  are  either 
replaced  completely  or  incremental 
amounts  of  inductance  are  added  as 
the  tuner  is  switched  from  high  fre¬ 
quencies  to  lower  frequencies.  Some 
tuners  use  a  combination  of  the  two 
methods. 

Because  noise  generated  in  the  first 
amplifier  stage  is  often  the  controlling 
factor  in  determining  the  over-all  sensi¬ 
tivity  of  a  radio  or  television  receiver, 
the  “front  end”  is  designed  with  special 
attention  to  both  gain  and  noise  char¬ 
acteristics.  The  input  circuit  of  an  am¬ 
plifier  inherently  contains  some  thermal 
noise  contributed  by  the  resistive  ele¬ 
ments  in  the  input  device.  When  an 
input  signal  is  amplified,  therefore,  the 
thermal  noise  generated  in  the  input 
circuit  is  also  amplified.  If  the  ratio  of 
signal  power  to  noise  power  (signal-to- 
nofse  ratio,  S./N)  is  the  same  in  the 
output  circuit  as  in  the  input  circuit, 
the  amplifier  is  considered  to  be  “noise- 
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less,”  and  is  said  to  have  a  noise  figure 
of  unity,  or  zero  clB. 

In  practical  circuits,  however,  all 
amplifier  stages  generate  a  certain 
amount  of  noise  as  a  result  of  thermal 
agitation  of  electrons  in  resistors  and 
other  components,  minute  variations  in 
the  cathode  emission  of  tubes  (shot 
effect),  and  minute  grid  currents  in  the 
amplifier  tubes.  As  a  result,  the  ratio 
of  signal  power  to  noise  power  is  in¬ 
evitably  impaired  during  amplification. 
A  measure  of  the  degree  of  impairment 
is  called  the  noise  figure  (NF)  of  the 
amplifier,  and  is  expressed  as  the  ratio 
of  signal  power  to  noise  power  at  the 
input  (Si/Nj)  divided  by  the  ratio  of 
signal  power  to  noise  power  at  the  out¬ 
put  (So/No),  as  follows: 


NF  = 


(Si/Ni) 

(So/NoJ 


The  noise  figure  in  decibels  (dB)  is 
equal  to  ten  times  the  logarithm  of  this 
power  ratio.  For  example,  a  one-dB 
noise  figure  in  an  amplifier  decreases 
the  signal-to-noise  ratio  by  a  factor  of 
1.26,  a  3-dB  noise  figure  by  a  factor 
of  2,  a  10-dB  noise  figure  by  a  factor 


of  10,  and  a  20-dB  noise  figure  by  a 
factor  of  100. 

The  over-all  noise  figure  of  a  re¬ 
ceiver  is  affected  by  the  total  number 
of  stages,  as  shown  by  the  following 
relationship: 


NFreeeiver  =  NFl  -f- 
,  (NFa+  1) 
i"  GiGa 


(NFa  +  1) 
Gx 


where  G  represents  power  gain  and  the 
subscripts  indicate  the  number  of  each 
stage.  This  relationship  indicates  that 
the  contribution  of  the  second-stage 
noise  factor  to  that  of  the  over-all  re¬ 
ceiver  is  reduced  by  the  gain  of  the 
first  stage.  Therefore,  it  is  important 
that  the  rf  amplifier  have  enough  gain 
to  make  the  effect  of  the  second  stage 
negligible.  The  third  stage  will  then 
have  even  less  effect.  The  maximum 
available  power  gain  G  of  an  rf  stage  is 
given  by 

gm2  Rln  Rout 
G= - 4 - - 

For  maximum  gain,  therefore,  the  rf- 
amplifier  tube  should  have  high  trans¬ 
conductance  and  high  input  and  output 
impedances.  At  frequencies  in  the  vhf 
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television  band,  the  input  resistance  is 
small  enough  to  affect  the  gain.  As 
mentioned  previously,  the  rf  tube  is 
designed  to  have  low  inter  electrode  ca¬ 
pacitances,  small  interelectrode  spac- 
ings,  and  low  lead  inductances  (par¬ 
ticularly  the  cathode  lead). 

The  gain  of  the  rf  stage  must  be 
reduced  as  the  incoming-signal  ampli¬ 
tude  changes  to  prevent  overload  dis¬ 
tortion  in  the  following  stages.  As  the 
signal  amplitude  increases,  an  auto¬ 
matic-gain-control  (age)  circuit  biases 
the  rf  tube  to  decrease  its  gain.  The  rf 
tube  usually  employs  a  semiremote- 
cutoff  grid  to  reduce  cross-modulation 
distortion. 

Either  a  triode  or  a  pentode  can 
be  used  in  the  if -amplifier  stage  of 
tuner  input  circuits  of  vhf  television 
receivers.  Such  stages  are  required  to 
amplify  signals  ranging  from  55  to  216 
MHz  and  having  a  bandwidth  of  4.5 
MHz  (the  tuner  is  usually  aligned  for  a 
bandwidth  of  6  MHz  to  assure  complete 
coverage  of  the  band).  In  early  rf 
timers,  pentodes  rather  than  triodes  were 
used  because  the  grid-plate  capacitance 
of  triodes  created  stability  problems. 
However,  the  use  of  twin  triodes  in 
direct-coupled  cathode-drive  circuits 
makes  it  possible  to  obtain  stable  opera¬ 
tion  along  with  the  low-noise  character¬ 
istics  of  triodes. 

Pentodes  or  tetrodes  do  not  pro¬ 
vide  the  useful  sensitivity  of  triodes 
because  of  the  “partition  noise”  intro¬ 
duced  by  the  screen  grid.  The  direct- 
coupled  cathode-drive  circuit  provides 
both  the  gain  and  the  stability  capabili¬ 
ties  of  the  pentode,  as  well  as  the  ad¬ 
vantages  of  a  low -noise  triode  input 
stage.  Because  the  cathode-drive  stage 
provides  a  low-impedance  load  to  the 
grounded-cathode  stage,  the  gain  of  the 
latter  stage  is  very  low  and  there  is  no 
necessity  for  neutralizing  the  grid-plate 
capacitance.  An  interstage  impedance, 
usually  an  inductance  in  series  with 
the  plate  of  the  first  stage  and  the  cath¬ 
ode  of  the  second  stage,  is  often  used 
at  higher  frequencies  to  provide  a  de¬ 
gree  of  impedance  matching  between 
the  units.  The  cathode-drive  portion  of 
the  circuit  is  matched  to  the  input  net¬ 


work  and  provides  most  of  the  stage 
gain.  Because  the  feedback  path  of  the 
cathode-drive  circuit  is  the  plate-cath¬ 
ode  capacitance,  which  in  most  cases 
is  very  small,  excellent  isolation  is  pro¬ 
vided  between  the  antenna  and  the 
local  oscillator. 

Development  of  single  triodes  hav¬ 
ing  low  grid-plate  capacitance,  such 
as  the  6BN4,  has  made  possible  the 
design  of  neutralized  triode  rf  circuits. 
Tubes  such  as  the  6GK5  and  6CW4 
are  specially  designed  to  minimize  grid- 
plate  capacitance  to  permit  easier  neu¬ 
tralization  of  a  grounded-cathode  cir¬ 
cuit  over  the  wide  frequency  band. 
Bridge-neutralized  rf-amplifier  stages 
are  widely  used  in  television  tuners; 
in  this  arrangement,  a  portion  of  the 
output  signal  is  returned  to  the  grid 
out  of  phase  with  the  feedback  signal 
from  the  grid-plate  capacitance.  This 
circuit  provides  excellent  gain  and  noise 
performance  with  stable  operation 
across  the  band. 

The  mixer  stage  of  a  vhf  tuner 
usually  employs  a  pentode  tube,  or  the 
pentode  unit  of  a  triode -pentode  tube. 
Although  triodes  such  as  the  6J6  were 
used  as  mixers  in  early  receivers,  they 
have  been  replaced  by  pentodes  because 
the  higher  output  impedance  of  a  pen¬ 
tode  provides  a  higher  mixer  gain  than 
can  be  obtained  with  a  triode. 

The  amplified  signal  from  the  rf 
stage  in  Fig.  72  is  applied  to  the  mixer 
grid  along  with  a  local-oscillator  signal 
of  much  larger  amplitude.  The  local- 
oscillator  signal  varies  the  mixer  grid 
voltage  from  cutoff  into  the  grid-current 
region.  This  signal  develops  a  grid- 
resistor  bias,  called  the  injection  voltage, 
which  is  a  measure  of  the  local-oscillator 
voltage.  Because  the  transfer  curve  of 
the  mixer  tube  is  nonlinear,  mixing 
action  between  the  rf  signal  and  the 
local-oscillator  signal  produces  sum  and 
difference  frequencies.  The  output  cir¬ 
cuit  of  the  mixer  is  tuned  to  the  dif¬ 
ference  frequency  (about  44  MHz)  and 
rejects  all  other  frequencies.  This  signal 
is  then  fed  to  the  intermediate-frequency 
amplifier. 

The  mixer  gain  is  a  function  of 
the  amplitude  of  the  local-oscillator 
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signal.  The  gain  has  a  broad  maximum 
over  a  range  of  injection  voltages  from 
—2,5  to  —5.0  volts  for  conventional- 
grid  mixers  and  slightly  lower  for 
frame-grid  mixers.  Good  impedance 
matching  between  the  rf-amplifier  plate 
and  the  mixer  grid,  consistent  with 
bandpass  requirements,  is  important  to 
achieve  maximum  signal  power  trans¬ 
fer.  A  slight  amount  of  regeneration  is 
provided  by  a  small  screen-grid  induct¬ 
ance.  This  regeneration  effectively  in¬ 
creases  the  mixer-grid  input  impedance 
and  thus  improves  power  gain. 

The  local-oscillator  stage  shown 
in  Fig.  72  is  a  Colpitts  type  in  which 
the  tuned  circuit  is  located  between 
the  grid  and  plate  and  the  feedback 
path  is  through  the  tube  interelectrode 
capacitances.  A  large  signal  is  devel¬ 
oped  in  the  local  oscillator  and  coupled 
loosely  to  the  mixer  grid  to  minimize 
the  effects  of  changes  in  the  mixer  in¬ 
put  on  the  frequency  of  oscillation. 
The  circuit  is  designed  to  keep  fre¬ 
quency  shift  within  a  very  narrow  range 
with  supply-voltage  and  temperature 
changes.  Fine  tuning  is  provided  by  a 
variable  inductance  or  capacitance 
across  the  tuned  circuit.  Tubes  com¬ 
monly  used  in  local-oscillator  and  mixer 
circuits  are  the  6EA8,  6KZ8,  and  6KE8. 

Television  IF  Amplifiers 

The  intermediate-frequency  (if) 
amplifier  stages  in  a  television  receiver 
provide  the  additional  gain  required  to 
bring  the  signal  level  to  an  amplitude 
suitable  for  final  detection.  A  constant 
peak  signal  of  about  three  to  five  volts 
is  required  at  the  input  to  the  detector. 
The  mixer  output  signal  is  passed 
through  two  or  three  stages  of  ampli¬ 
fication  to  attain  this  level.  High-trans¬ 
conductance  pentodes  having  low  grid- 
No.  t-to-plate  capacitances  are  normally 
used  in  if  amplifiers.  The  coupling  cir¬ 
cuits  are  usually  tuned  transformers 
which  may  be  single-  or  double-tuned. 
The  transformers  are  either  synchro¬ 
nously  (same  frequency)  tuned  or 
stagger-tuned,  depending  on  circuit  re¬ 
quirements.  The  over-all  bandwidth 
varies  from  a  maximum  of  3.58  MHz 
at  the  6~dB  points  for  color  receivers  to 
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values  in  the  order  of  2.0  to  2.5  MHz 
for  the  most  inexpensive  receivers.  An 
expression  for  the  figure  of  merit  for  a 
single  tuned  if-amplifier  tube  is  the -gain** 
bandwith  product  G  X  B,  which  is 
given  by 


where  C  is  the  total  tuning  capaci¬ 
tance.  This  relationship  again  demon¬ 
strates  the  need  for  high  transconduct- 
ance  and  low  interelectrode  capacitance. 

The  first  stage  (or  first  two  stages 
in  the  case  of  a  three-stage  if)  is  gain- 
controlled  like  the  rf  amplifier.  How¬ 
ever,  the  bias  applied  to  the  if-amplifier 
tube  varies  the  input  resistance  and 
capacitance  of  the  tube  and  thus  de¬ 
tunes  the  circuit.  It  is  important  for 
proper  reception  to  maintain  the  fre¬ 
quency  response  of  the  if  stages  con¬ 
stant,  particularly  in  the  case  of  the 
color  receiver.  Therefore,  a  small  un¬ 
bypassed  cathode  resistor  is  used  which 
provides  degenerative  feedback  to  min¬ 
imize  the  effect  of  bias  changes.  In 
addition,  the  effects  on  input  impedance 
caused  by  the  grid-plate  capacitance 
are  reduced  by  use  of  a  partial  bypass 
capacitor  at  the  screen  grid  to  provide 
neutralization  of  the  grid-to-plate  ca¬ 
pacitance. 

Tubes  used  in  the  gain-controlled 
stages  of  the  if  amplifier  have  remote- 
or  semiremote-cutoff  characteristics  to 
reduce  cross-modulation  or  intermodu¬ 
lation  interference.  Tube  types  com¬ 
monly  used  in  this  application  include 
the  6BZ6,  6GM6,  6JH6,  6JD6A,  and 
6KT6. 

The  last  if-amplifier  stage  is  a 
relative]  y-large-signal  amplifier.  For 
this  reason,  the  tube  must  be  biased  so 
that  it  will  operate  over  a  region  of 
linear  operation  for  large  voltage  ex¬ 
cursions.  Because  such  a  quiescent  op¬ 
erating  point  provides  a  transconduct¬ 
ance  somewhat  below  the  maximum 
value  for  the  tube,  the  selection  of  the 
operating  point  involves  a  compromise 
between  signal-handling  capacity  and 
gain.  For  purposes  of  linearity,  the 
final  if-amplifier  stage  is  not  gain-con¬ 
trolled,  and  operates  with  the  cathode 
bypassed  to  ground.  Because  fixed  bias 
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is  used,  a  sharp-cutoff  tube  is  used  to 
provide  higher  transconductance  than 
could  be  obtained  with  an  equivalent 
remote-  or  semiremote-cutoff  tube.  Ex¬ 
amples  of  types  used  in  this  stage  are 
the  6EW6  and  6JC6A. 

Wideband  (Video)  Amplifiers 

In  some  applications,  it  is  neces¬ 
sary  for  a  circuit  to  amplify  signals 
ranging  from  very  low  frequencies  (sev¬ 
eral  hertz)  to  high  frequencies  (tens  of 
megahertz)  with  a  minimum  of  fre¬ 
quency  and  time-delay  distortion.  For 
example,  very  exacting  requirements  are 
demanded  for  such  applications  as  tele¬ 
vision  camera  chains,  ac  voltmeters, 
and  vertical  amplifiers  for  oscilloscopes. 
In  response  to  these  demands,  circuit 
compensation  techniques  have  been  de¬ 
veloped  to  minimize  the  amplitude  and 
time-delay  variation  as  the  upper  or 
lower  frequency  limits  of  the  amplifier 
are  approached. 

The  need  for  such  compensation  is 
evident  when  many  identical  stages  of 
amplification  are  employed.  If  ten  cas¬ 
caded  stages  are  used,  a  variation  of 
0.3  dB  per  stage  results  in  a  total 
variation  of  3  dB,  In  an  uncompensated 
amplifier,  this  total  variation  occur? 
two  octaves  (a  frequency  ratio  of 
four)  prior  to  the  half -power  point.  Be¬ 
cause  two  octaves  are  lost  from  both 
the  high  and  low  frequencies,  the  band¬ 
width  of  ten  cascaded  uncompensated 
amplifies  stages  is  only  one-sixteenth 
that  of  a  single  amplifier  stage.  Fig.  73 
shows  the  amplitude  response  charac¬ 
teristics  of  various  numbers  of  identical 


uncompensated  amplifiers. 

In  general,  the  output  of  an  ampli¬ 
fier  may  be  represented  by  a  current 
generator  iou t  and  a  load  resistance 
Rl, ‘as  shown  in  Fig.  74(a).  Because  the 
signal  current  is  shunted  by  various 
capacitances  at  high  frequencies,  as 
shown  in  Fig.  74(b),  there  is  a  loss  in 
gain  at  these  frequencies.  If  an  induc¬ 
tor  L  is  placed  in  series  with  the  load 
resistor  Rl,  as  shown  in  Fig.  74(c),  a 
low-Q  circuit  is  formed  which  some¬ 
what  suppresses  the  capacitive  loading. 
This  method  of  gain  compensation, 
called  shunt  peaking,  can  be  effective 
for  improving  high-frequency  response. 
Fig.  74  shows  the  frequency  response 
for  the  circuits  in  Fig.  74(a),  (b).  and  (c). 
If  the  inductor  L  in  Fig.  74(c)  is  made 
self-resonant  approximately  one  octave 
above  the  3-dB  frequency  of  the  circuit 
of  Fig.  74(b),  the  amplifier  response  is 
extended  by  about  another  30  per  cent. 

If  the  stray  capacitance  C  shown 
in  Fig.  74(b)  is  broken  into  two  parts 
C'  and  C"  and  an  inductor  Li  is  placed 
between  them,  a  heavily  damped  form 
of  series  resonance  may  be  employed 
for  further  improvement.  This  form 
of  compensation,  called  series  peaking, 
is  shown  in  Fig.  75(a).  If  C'  and  C"  are 
within  a  factor  of  two  of  each  other, 
series  peaking  produces  an  appreciable 
improvement  in  frequency  response  as 
compared  to  shunt  peaking.  A  more 
complex  form  of  compensation  em¬ 
bodying  both  self-resonant  shunt  peak¬ 
ing  and  series  peaking  is  shown  in 
Fig.  75(b). 

The  effects  of  various  high-fre- 


J Fig.  73— Amplitude  response  characteristics  of  various  numbers  (N)  of  identical  uncom¬ 
pensated  amplifiers. 
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Fig.  74 — Equivalent  circuits  and  frequency  response  of  uncompensated  and  shunt-peaked 

amplifiers. 


quency  compensation  systems  can  be 
demonstrated  by  consideration  of  an 
amplifier  consisting  of  three  identical 
stages.  If  each  of  the  three  stages  is 
down  3  dB  at  1  MHz,  and  if  a  total 
gain  variation  of  plus  1  dB  and  minus 
3  dB  is  allowed,  the  bandwidth  of  the 
amplifier  is  0.5  MHz  without  compen¬ 
sation.  Shunt  peaking  raises  the  band¬ 
width  to  1.3  MHz.  Self -resonant  shunt 


Li 


Fig.  75 — Circuits  using  (a)  Series  peaking, 
and  ( b )  both  self-resonant  shunt  peaking 
and  series  peaking. 

peaking  raises  it  to  1.5  MHz.  An  in- 
fintely  complicated  network  of  shunt- 
peaking  techniques  could  raise  it  to 
2  MHz.  If  the  distribution  of  capaci¬ 
tance  permits  it,  series  peaking  alone 
can  provide  a  bandwidth  of  about  2 
MHz,  while  a  combination  of  shunt 
and  series  peaking  can  provide  a  band¬ 


width  of  approximately  2.8  MHz.  If 
the  capacitance  is  perfectly  distributed, 
and  if  an  infinitely  complex  network 
of  shunt  and  series  peaking  is  em¬ 
ployed,  the  ultimate  capability  is  about 
4  MHz. 

The  frequency  response  of  a  wide¬ 
band  amplifier  is  influenced  greatly  by 
variations  in  component  values  due  to 
temperature  effects,  variation  of  tube 
parameters  with  voltage  and  cur¬ 
rent  (normal  large-signal  excursions), 
changes  of  stray  capacitance  due  to  re¬ 
located  lead  wires,  or  other  variations. 
A  change  of  20  per  cent  in  any  of  the 
critical  parameters  can  cause  a  change 
of  0.7  dB  in  gain  per  stage  over  the 
last  half-octave  of  the  response  for 
the  most  simple  case  of  shunt  peaking. 
As  the  bandwidth  is  extended  by  more 
complex  peaking,  a  circuit  becomes 
substantially  more  critical.  (Measure¬ 
ment  probes  generally  alter  circuit  per¬ 
formance  because  of  their  capacitance; 
this  effect  should  be  considered  during 
frequency-response  measurements. ) 

In  the  design  of  wideband  ampli¬ 
fiers  using  many  stages  of  amplifica¬ 
tion,  it  is  necessary  to  consider  time- 
delay  variations  as  well  as  amplitude 
variation.  When  feedback  capacitance 
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is  a  major  contributor  to  response  limi¬ 
tation,  the  more  complex  compensa- 
ing  networks  may  produce  severe 
ringing  or  even  sustained  oscillation.  If 
feedback  capacitance  is  treated  as  input 
capacitance  produced  by  the  Miller 
effect,  the  added  input  capacitance  Ct 
caused  by  the  feedback  capacitor  Ct 
is  given  by 

CY  -C,  (1  -  VG) 

where  VG  is  the  input-to-output  volt¬ 
age  gain.  The  gain  VG,  however,  has 
a  phase  angle  that  varies  with  fre¬ 
quency.  The  phase  angle  is  180  degrees 
at  low  frequencies,  but  may  lead  or 
lag  this  value  at  high  frequencies;  the 
magnitude  of  VG  then  also  varies.  In 
the  design  of  very  wideband  amplifiers 
(20  MHz  or  more),  the  phase  of  the 
transconductance  gm  must  be  consid¬ 
ered. 

The  video  amplifier  stage  in  a  tele¬ 
vision  receiver  usually  employs  a  pen¬ 
tode-type  tube  specially  designed  to 
amplify  the  wide  band  of  frequencies 
contained  in  the  video  signal  and,  at 
the  same  time,  to  provide  high  gain 
per  stage.  Pentodes  are  more  useful 
than  triodes  in  such  stages  because 
they  have  high  transconductance  (to 
provide  high  gain)  together  with  low 
input  and  output  interelectrode  ca¬ 
pacitances  (to  permit  the  broadband 
requirements  to  be  satisfied).  An  approx¬ 
imate  “figure  of  merit”  for  a  particular 
tube  for  this  application  can  be  deter¬ 
mined  from  the  ratio  of  its  transcon¬ 
ductance,  gm,  to  the  sum  of  its  input 
and  output  capacitances.  Cm  and  C<mt, 
as  follows: 

Figure  of  Merit  =  Ciii8^Co— 

Typical  values  for  this  figure  are  in  the 
order  of  500  x  10fl  or  greater. 

A  typical  video  amplifier  stage, 
such  as  that  shown  in  Fig.  76,  is  con¬ 
nected  between  the  second  detector  of 
the  television  receiver  and  the  picture 
tube.  The  contrast  control,  Ri,  in  this 
circuit  controls  the  gain  of  the  video 
amplifier  tube.  The  inductance,  La,  in 
series  with  the  load  resistor,  Rl,  main¬ 
tains  the  plate  load  impedance  at  a  rela¬ 
tively  constant  value  with  increasing 
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frequency.  The  inductance  Li  isolates 
the  output  capacitance  of  the  tube  so 
that  only  stray  capacitance  is  placed 


Fig.  76 — Typical  video  amplifier  stage. 

across  the  load.  As  a  result,  a  higher- 
value  load  resistor  is  used  to  provide 
higher  gain  without  affecting  frequency 
response  or  phase  relations.  The  de¬ 
coupling  circuit,  CiR2,  is  used  to  im 
prove  the  low-frequency  response. 
Tubes  used  as  video  amplifiers  include 
types  6CL6  and  12BY7A,  or  the  pen¬ 
tode  sections  of  types  6AW8A  and 
6AN8A. 

The  luminance  amplifier  in  a  color- 
television  receiver  is  a  conventional 
video  amplifier  having  a  bandwidth  of 
approximately  3.5  MHz.  In  a  color  re¬ 
ceiver,  the  portion  of  the  output  of 
the  second  detector  which  lies  within 
the  frequency  band  from  approxi¬ 
mately  2.4  to  4.5  MHz  is  fed  to  a 
bandpass  amplifier,  as  shown  in  the 
block  diagram  in  Fig.  77.  The  color 


Fig.  77 — Block  diagram  of  video-amplifier 
section  of  color  television  receiver. 


synchronizing  signal,  or  “burst,”  con¬ 
tained  in  this  signal  may  then  be  fed 
to  a  “burst-keyer”  tube.  At  the  same 
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time,  a  delayed  horizontal  pulse  may 
be  applied  to  the  keyer  tube.  The  out¬ 
put  of  the  keyer  tube  is  applied  to  the 
burst  amplifier  tube  and  the  signal  is 
then  fed  to  the  3.58-MHz  oscillator 
and  to  the  “color-killer”  stage. 

The  color  killer  applies  a  bias  volt¬ 
age  to  the  bandpass  amplifier  in  the  ab¬ 
sence  of  burst  so  that  the  color  section, 
or  chrominance  channel,  of  the  receiver 
remains  inoperative  during  black-and- 
white  broadcasts.  A  threshold  control 
varies  the  bias  and  controls  the  burst 
level  at  which  the  killer  stage  operates. 

The  output  of  the  3.58-MHz  os¬ 
cillator  and  the  output  of  the  bandpass 
amplifier  are  fed  into  phase  and  ampli¬ 
tude  demodulator  circuits.^  The  output 
of  each  demodulator  circuit  is  an  elec¬ 
trical  representation  of  a  color-differ¬ 
ence  signal,  le.y  an  actual  color  signal 
minus  the  black-and-white,  or  lumi¬ 
nance,  signal.  The  two  color-difference 
signals  are  combined  to  produce  the 
third  color-difference  signal;  each  of 
the  three  signals  then  represents  one  of 
the  primary  colors. 

The  three  color-difference  signals 
are  usually  applied  to  the  grids  of  the 
three  electron  guns  of  the  color  picture 
tube,  in  which  case  the  black-and-white 
signal  from  the  luminance  amplifier  may 
be  applied  simultaneously  to  the  cath¬ 
odes.  The  chrominance  and  luminance 
signals  then  combine  to  produce  the 
color  picture.  In  the  absence  of  trans¬ 
mitted  color  information,  the  chromi¬ 
nance  channel  is  cut  off  by  the  color 
killer,  as  described  above,  and  only  the 
luminance  signal  is  applied  to  the  pic¬ 
ture  tube,  producing  a  black-and-white 
picture. 

TV  Scanning, 

Sync,  and  Deflection 

For  reproduction  of  a  transmitted 
picture  in  a  television  receiver,  the 


face  of  a  cathode-ray  tube  is  scanned 
with  an  electron  beam  while  the  inten¬ 
sity  of  the  beam  is  varied  to  control 
the  emitted  light  at  the  phosphor 
screen.  The  scanning  is  synchronized 
with  a  scanned  image  at  the  TV  trans¬ 
mitter,  and  the  black-through-white 
picture  areas  of  the  scanned  image 
are  converted  into  an  electrical  signal 
that  controls  the  intensity  of  the  elec¬ 
tron  beam  in  the  picture  tube  at  the 
receiver. 

Scanning  F tindam  entals 

The  scanning  procedures  used  in 
the  United  States  employs  horizontal 
linear  scann  ing  in  an  odd -line  inter¬ 
laced  pattern.  The  standard  scanning 
pattern  for  television  systems  includes 
a  total  of  525  horizontal  scanning  lines 
in  a  rectangular  frame  having  an  aspect 
ratio  of  4  to  3.  The  frames  are  re¬ 
peated  at  a  rate  of  30  per  second,  with 
two  fields  interlaced  in  each  frame.  The 
first  field  in  each  frame  consists  of  all 
odd-number  scanning  lines,  and  the 
second  field  in  each  frame  consists  of 
all  even-number  scanning  lines.  The 
field  repetition  rate  is  thus  60  per  sec¬ 
ond,  and  the  vertical  scanning  rate  is 
60  Hz. 

The  geometry  of  the  standard  odd¬ 
line  interlaced  scanning  pattern  is  illus¬ 
trated  in  Fig.  78.  The  scanning  beam 
starts  at  the  upper  left  corner  of  the 
frame  at  point  A,  and  sweeps  across 
the  frame  with  uniform  velocity  to 
cover  all  the  picture  elements  in  one 
horizontal  line.  At  the  end  of  each 
trace,  the  beam  is  rapidly  returned  to 
the  left  side  of  the  frame,  as  shown 
by  the  dashed  line,  to  begin  the  next 
horizontal  line.  The  horizontal  lines 
slope  downward  in  the  direction  of 
scanning  because  the  vertical  deflecting 
signal  simultaneously  produces  a  verti- 
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Fig.  78 — The  odd-line  interlaced  scanning  procedure . 
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cal  scanning  motion,  which  is  very  slow 
compared  with  the  horizontal  scanning 
speed.  The  slope  of  the  horizontal  line 
trace  from  left  to  right  is  greater  than 
the  slope  of  the  retrace  from  right  to 
left  because  the  shorter  time  of  the  re¬ 
trace  does  not  allow  as  much  time  for 
vertical  deflection  of  the  beam.  Thus, 
the  beam  is  continuously  and  slowly 
deflected  downward  as  it  scans  the 
horizontal  lines,  and  its  position  is  suc¬ 
cessively  lower  as  the  horizontal  scan¬ 
ning  proceeds. 

At  the  bottom  of  the  field,  the  ver¬ 
tical  retrace  begins,  and  the  beam  is 
brought  back  to  the  top  of  the  frame 
to  begin  the  second  or  even-number 
field.  The  vertical  “flyback”  time  is 
very  fast  compared  to  the  trace,  but 
is  slow  compared  to  the  horizontal 
scanning  speed;  therefore,  some  hori¬ 
zontal  lines  are  produced  during  the 
vertical  flyback. 

All  odd-number  fields  begin  at 
point  A  in  Fig.  78  and  are  the  same. 
All  even-number  fields  begin  at  point 
C  and  are  the  same.  Because  the  be¬ 
ginning  of  the  even-field  scanning  at 
C  is  on  the  same  horizontal  level  as 
A,  with  a  separation  of  one-half  line, 
and  the  slope  of  all  lines  is  the  same, 
the  even-number  lines  in  the  even  fields 
fall  exactly  between  the  odd-number 
lines  in  the  odd  field. 

Sync 

In  addition  to  picture  information, 
the  composite  video  signal  from  the 
video  detector  of  a  television  receiver 
contains  timing  pulses  to  assure  that 
the  picture  is  produced  on  the  face¬ 
plate  of  the  picture  tube  at  the  right 
instant  and  in  the  right  location.  These 
pulses,  which  are  called  sync  pulses, 


control  the  horizontal  and  vertical 
scanning  generators  of  the  receiver. 

Fig.  79  shows  a  portion  of  the  de¬ 
tected  video  signal.  When  the  picture 
is  bright,  the  amplitude  of  the  signal 
is  low.  Successively  deeper  grays  are 
represented  by  higher  amplitudes  until, 
at  the  “blanking  level”  shown  in  the 
diagram,  the  amplitude  represents  a 
complete  absence  of  light.  This  “black 
level”  is  held  constant  at  a  value  equal 
to  75  per  cent  of  the  maximum  ampli¬ 
tude  of  the  signal  during  transmission. 
The  remaining  25  per  cent  of  the  signal 
amplitude  is  used  for  synchronization 
information.  Portions  of  the  signal  in 
this  region  (above  the  black  level)  can¬ 
not  produce  light. 

In  the  transmission  of  a  television 
picture,  the  camera  becomes  inactive 
at  the  conclusion  of  each  horizontal 
line  and  no  picture  information  is 
transmitted  while  the  scanning  beam 
is  retracing  to  the  beginning  of  the 
next  line.  The  scanning  beam  of  the 
reciever  is  maintained  at  the  black  level 
during  this  retrace  interval  by  means 
of  the  blanking  pulse  shown  in  Fig.  79. 
Immediately  after  the  beginning  of  the 
blanking  period,  the  signal  amplitude 
rises  further  above  the  black  level  to 
provide  a  horizontal-synchronization 
pulse  that  initiates  the  action  of  the 
horizontal  scanning  generator.  When 
the  bottom  line  of  the  picture  is 
reached,  a  similar  vertical-synchroniza¬ 
tion  pulse  initiates  the  action  of  the 
vertical  scanning  generator  to  move  the 
scanning  spot  back  to  the  top  of  the 
pattern. 

The  sync  pulses  in  the  composite 
video  signal  may  be  separated  from  the 
video  information  in  the  output  of  the 
second  or  video  detector  by  means  of 
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Fig.  79 — Detected  video  signal . 
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the  triode  circuit  shown  in  Fig.  80.  In 
this  circuit,  the  time  constant  of  the 
network  R1C1  is  long  with  respect  to  the 
interval  between  pulses.  During  each 
pulse,  the  grid  is  driven  positive  and 
draws  current,  thereby  charging  ca¬ 
pacitor  Ci.  Consequently,  the  grid  de¬ 
velops  a  bias  which  is  slightly  greater 


Fig.  80 — Sync-separator  circuit. 


than  the  cutoff  voltage  of  the  tube. 
Because  plate  current  flows  only  dur¬ 
ing  the  sync-pulse  period,  only  the 
amplified  pulse  appears  in  the  output. 
This  sync-separator  stage  discriminates 
against  the  video  information.  Because 
the  bias  developed  on  the  grid  is  pro¬ 
portional  to  the  strength  of  the  in¬ 
coming  signal,  the  circuit  also  has  the 
advantage  of  being  relatively  inde¬ 
pendent  of  signal  fluctuations. 

After  the  synchronizing  signals  are 
separated  from  the  composite  video 
signal,  it  is  necessary  to  filter  out  the 
horizontal  and  vertical  sync  signals  so 
that  each  can  be  applied  to  its  respec¬ 
tive  deflection  generator.  This  filtering 
is  accomplished  by  RC  circuits  designed 
to  filter  out  all  but  the  desired  syn¬ 
chronizing  signals.  Although  the  hori¬ 
zontal,  vertical,  and  equalizing  pulses 
are  all  rectangular  pulses  of  the  same 
amplitude,  they  differ  in  frequency  and 
pulse  width,  as  shown  in  Fig.  81.  The 
horizontal  sync  pulses  have  a  repetition 
rate  of  15,750  per  second  (one  for 


each  horizontal  line)  and  a  pulse  width 
of  5.1  microseconds.  The  equalizing 
pulses  have  a  width  approximately  half 
the  horizontal  pulse  width,  and  a  repe¬ 
tition  rate  of  31,500  per  second;  they 
occur  at  half-line  intervals,  with  six 
pulses  immediately  preceding  and  six 
following  the  vertical  synchronizing 
pulse.  The  vertical  pulse  is  repeated  at 
a  rate  of  60  per  second  (one  for  each 
field),  and  has  a  width  of  approxi¬ 
mately  190  microseconds.  The  serra¬ 
tions  in  the  vertical  pulse  occur  at 
half-line  intervals,  dividing  the  complete 
pulse  into  six  individual  pulses  that 
provide  horizontal  synchronization  dur¬ 
ing  the  vertical  retrace.  (Although  the 
picture  is  blanked  out  during  the  verti¬ 
cal  retrace  time,  it  is  necessary  to  keep 
the  horizontal  scanning  generator  syn¬ 
chronized.  ) 

All  the  pulses  described  above  are 
produced  at  the  transmitter  by  the 
synchronizing-pulse  generator;  their 
waveshapes  and  spacings  are  held 
within  very  close  tolerances  to  pro¬ 
vide  the  required  synchronization  of 
receiver  and  transmitter  scanning. 

The  horizontal  sync  signals  are 
separated  from  the  total  sync  in  a  dif¬ 
ferentiating  circuit  that  has  a  short 
time  constant  compared  to  the  width 
of  the  horizontal  pulses.  When  the  total 
sync  signal  is  applied  to  the  differen¬ 
tiating  circuit  shown  in  Fig.  82,  the 
capacitor  charges  completely  very  soon 
after  the  leading  edge  of  each  pulse, 
and  remains  charged  for  a  period  of 
time  equal  to  practically  the  entire 
pulse  width.  When  the  applied  voltage 
is  removed  at  the  time  corresponding 
to  the  trailing  edge  of  each  pulse,  the 
capacitor  discharges  completely  within 
a  very  short  time.  As  a  result,  a  posi¬ 
tive  peak  of  voltage  is  obtained  for 
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Fig.  81 — Waveform  of  TV  synchronizing  pulses  (H  —  horizontal  line  period  of  1/15,750 

seconds,  or  63.5 
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Fig.  82 — Separation  of  the  horizontal  sync  signals  from  the  total  sync  by  a  differentiating 

circuit. 


each  leading  edge  and  a  negative  peak 
for  the  trailing  edge  of  every  pulse. 
One  polarity  is  produced  by  the  charg¬ 
ing  current  for  the  leading  edge  of  the 
applied  pulse,  and  the  opposite  polar¬ 
ity  is  obtained  from  the  discharge  cur¬ 
rent  corresponding  to  the  trailing  edge 
of  the  pulse. 

As  mentioned  above,  the  serrations 
in  the  vertical  pulse  are  inserted  to 
provide  the  differentiated  output  needed 
to  synchronize  the  horizontal  scanning 
generator  during  the  time  of  vertical 
synchronization.  During  the  vertical 
blanking  period,  many  more  voltage 
peaks  are  available  than  are  necessary 
for  horizontal  synchronization  (only 
one  pulse  is  used  for  each  horizontal 
line  period).  The  check  marks  above 
the  differentiated  output  in  Fig.  82  in¬ 
dicate  the  voltage  peaks  used  to  syn¬ 
chronize  the  horizontal  deflection 
generator  for  one  field.  Because  the 
sync  system  is  made  sensitive  only  to 
positive  pulses  occurring  at  approxi¬ 
mately  the  right  horizontal  timing,  the 
negative  sync  pulses  and  alternate  dif¬ 
ferentiated  positive  pulses  produced  by 
the  equalizing  pulses  and  the  serrated 
vertical  information  have  no  effect  on 
horizontal  timing.  It  can  be  seen  that 
although  the  total  sync  signal  (includ¬ 
ing  vertical  synchronizing  information) 
is  applied  to  the  circuit  of  Fig.  82,  only 
horizontal  synchronization  information 
appears  at  the  output. 


The  vertical  sync  signal  is  sepa¬ 
rated  from  the  total  sync  in  an  integrat¬ 
ing  circuit  which  has  a  time  constant 
that  is  long  compared  with  the  duration 
of  the  5-microsecond  horizontal  pulses, 
but  short  compared  with  the  190-micro¬ 
second  vertical  pulse  width.  Fig.  83 
shows  the  general  circuit  configuration 
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Fig .  83 — Separation  of  vertical  sync  signals 
from  the  total  sync  for  odd  and  even  fields 
with  no  equalizing  pulses .  (Dashed  line  in¬ 
dicates  triggering  level  for  vertical  scanning 
generator.) 

used,  together  with  the  input  and  out¬ 
put  signals  for  both  odd  and  even  fields. 
The  period  between  horizontal  pulses, 
when  no  voltage  is  applied  to  the  RC 
circuit,  is  so  much  longer  than  the  hori¬ 
zontal  pulse  width  that  the  capacitor 
has  time  to  discharge  almost  down  to 
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zero.  When  the  vertical  pulse  is  ap¬ 
plied,  however,  the  integrated  voltage 
across  the  capacitor  builds  up  to  the 
value  required  for  triggering  the  verti¬ 
cal  scanning  generator.  This  integrated 
voltage  across  the  capacitor  reaches  its 
maximum  amplitude  at  the  end  of  the 
vertical  pulse,  and  then  declines  prac¬ 
tically  to  zero,  producing  a  pulse  of 
the  triangular  wave  shape  shown  for 
the  complete  vertical  synchronizing 
pulse.  Although  the  total  sync  signal 
(including  horizontal  information)  is 
applied  to  the  circuit  of  Fig.  83,  there¬ 
fore,  only  vertical  synchronization  in¬ 
formation  appears  at  the  output. 

The  vertical  synchronizing  pulses 
are  repeated  in  the  total  sync  signal 
at  the  field  frequency  of  60  per  sec¬ 
ond.  Therefore,  the  integrated  output 
voltage  across  the  capacitor  of  the  RC 
circuit  of  Fig.  83  can  be  coupled  to 
the  vertical  scanning  generator  to  pro¬ 
vide  vertical  synchronization.  The  six 
equalizing  pulses  immediately  preced¬ 
ing  and  following  the  vertical  pulse 
improve  the  accuracy  of  the  vertical 
synchronization  for  better  interlacing. 
The  equalizing  pulses  that  precede  the 
vertical  pulses  make  the  average  value 
of  applied  voltage  more  nearly  the 
same  for  even  and  odd  fields,  so  that 
the  integrated  voltage  across  the  capa¬ 
citor  adjusts  to  practically  equal  values 
for  the  two  fields  before  the  vertical 
pulse  begins.  The  equalizing  pulses  that 
follow  the  vertical  pulse  minimize  any 


difference  in  the  trailing  edge  of  the 
vertical  synchronizing  signal  for  even 
and  odd  fields. 

In  fringe  areas,  two  conditions 
complicate  the  process  of  sync  separa¬ 
tion.  First,  the  incoming  signal  available 
at  the  antenna  is  weak  and  susceptible 
to  fading  and  other  variations;  second, 
the  receiver  is  operating  at  or  near 
maximum  gain,  which  makes  it  ex¬ 
tremely  susceptible  to  interference  from 
pulse-type  noise  generated  by  certain 
types  of  electrical  equipment,  ignition 
systems,  switches,  or  the  like.  Some 
type  of  noise-immunity  provision  is 
almost  essential  for  acceptable  per¬ 
formance.  Noise  may  be  reduced  or 
eliminated  from  the  sync  and  age  cir¬ 
cuits  by  gating  or  by  a  combination  of 
gating,  inversion,  and  cancellation.  An 
example,  of  the  latter  method  is  shown 
in  Fig.  84.  In  this  circuit  the  6GY6, 
which  has  two  independent  control 
grids,  serves  the  dual  function  of  age 
amplifier  and  noise  inverter.  Because 
the  sync  tips  of  the  video  signal  at 
grid  No.  1  of  the  6GY6  drive  the  tube 
near  its  cutoff  region,  any  noise  signal 
extending  above  the  tip  level  will  ap¬ 
pear  inverted  across  the  grid-No.2  load 
resistor  R.  This  inverted  noise  signal  is 
re-combined  with  the  video  signal  and 
fed  to  the  sync  separator  at  point  “A” 
in  Fig.  84,  where  noise  cancellation 
takes  place.  This  process  leaves  the 
sync  pulses  relatively  free  of  disturbing 
noise  and  results  in  a  stable  picture. 
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To  prevent  reduction  of  receiver  gain 
due  to  the  effect  of  noise  on  the  age 
amplifier,  a  portion  of  the  inverted 
noise  signal  is  fed  to  the  second  con¬ 
trol  grid,  grid  No. 3,  of  the  6GY6  to 
cut  off  or  gate  the  age  amplifier  when 
a  noise  pulse  occurs. 

Horizontal  Deflection 

In  the  horizontal-deflection  stages 
of  a  television  receiver,  a  current  that 
varies  linearly  with  time  and  has  a 
sufficient  peak-to-peak  amplitude  must 
be  passed  through  the  horizontal-de¬ 
flection-yoke  winding  to  develop  a 
magnetic  field  adequate  to  deflect  the 
electron  beam  of  the  television  picture 
tube.  (This  type  of  deflection  is  differ¬ 
ent  from  that  used  in  a  cathode-ray 
oscilloscope,  where  the  beam  is  de¬ 
flected  electrostatically.)  After  the 
beam  is  deflected  completely  across  the 
face  of  the  picture  tube,  it  must  be 
returned  very  quickly  to  its  starting 
point.  (As  explained  previously,  the 
beam  is  extinguished  during  this  re¬ 
trace  by  the  blanking  pulse  incorporated 
in  the  composite  video  signal,  or  in 
some  cases  by  additional  external 
blanking  derived  from  the  horizontal- 
deflection  system.) 

The  simplest  form  of  a  deflection 
circuit  is  shown  in  Fig.  85.  In  this  cir¬ 
cuit,  the  yoke  impedance  L  is  assumed 
to  be  a  perfect  inductor.  When  the 


Fig.  85— Simplest  form  of  deflection  circuit. 

switch  is  closed,  the  yoke  current  starts 
from  zero  and  increases  linearly.  At 
any  time  t,  the  current  i  is  equal  to 
Et/L,  where  E  is  the  applied  voltage. 
When  the  switch  is  opened  at  a  later 
time  ti,  the  current  instantly  drops  from 
a  value  of  Eti/L  to  zero. 

Although  the  basic  circuit  of  Fig. 
85  crudely  approaches  the  requirements 
for  deflection,  it  presents  some  obvious 
problems  and  limitations.  The  voltage 
across  the  switch  becomes  extremely 


high,  theoretically  approaching  infinity. 
In  addition,  if  very  little  of  the  total 
time  is  spent  at  zero  current,  the  circuit 
would  require  a  tremendous  amount  of 
dc  power.  Furthermore,  the  operation 
of  the  switch  would  be  rather  critical 
with  regard  to  both  its  opening  and  its 
closing.  Finally,  because  the  deflection 
field  would  be  phased  in  only  one  di¬ 
rection,  the  beam  would  have  to  be 
centered  at  the  extreme  left  of  the 
screen  for  zero  yoke  current. 

If  a  capacitor  is  placed  across  the 
switch,  as  shown  in  Fig.  86,  the  yoke 


Fig,  86— Addition  of  capacitor  to  permit 
flyback  ringing,  and  yoke-current  (upper) 
and  switch-voltage  (lower)  waveforms . 


current  still  increases  linearly  when  the 
switch  is  closed  at  time  t  —  0-  How¬ 
ever,  when  the  switch  is  opened  at  time 
t  =  ti,  a  tuned  circuit  is  formed  by 
the  parallel  combination  of  L  and  C. 
The  resulting  yoke  currents  and  switch 
voltages  are  then  as  shown  in  Fig.  86. 
The  current  is  at  a  maximum  when 
the  voltage  equals  zero,  and  the  volt¬ 
age  is  at  a  maximum  when  the  current 
equals  zero.  If  it  is  assumed  that  there 
are  no  losses,  the  ringing  frequency 
fo8C  is  equal  to  l/(2ir\/LC). 

If  the  switch  is  closed  again  at  any 
time  the  capacitor  voltage  is  not  equal 
to  zero,  an  infinite  switch  current  flows 
as  a  result  of  the  capacitive  discharge. 
However,  if  the  switch  is  closed  at  the 
precise  moment  t2  that  the  capacitor 
voltage  equals  zero,  the  capacitor  cur- 
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rent  effortlessly  transfers  to  the  switch, 
and  a  new  transient  condition  results. 
Fig.  87  shows  the  yoke-current  and 
switch-voltage  waveforms  for  this  new 
condition. 

If  the  switch  is  again  opened  at 
ti,  closed  at  t5,  and  so  on,  the  desired 


Fig.  87 — Yoke-current  (upper)  and  switch- 
voltage  (lower)  waveforms  when  switch  is 
closed  at  t2. 


sweep  results,  the  peak  switch  voltage 
is  finite,  and  the  average  supply  cur¬ 
rent  is  zero.  The  deflection  system  is 
then  lossless  and  efficient  and,  because 
the  average  yoke  current  is  zero,  beam 
decentering  is  avoided.  The  only  fault 
of  the  circuit  of  Fig.  86  is  the  critical 
timing  of  the  switch,  particularly  at 
time  t  =  t2.  However,  if  the  switch  is 
shunted  by  a  damper  diode,  as  shown 
in  Fig.  88,  the  diode  acts  as  a  closed 
switch  as  soon  as  the  capacitor  voltage 
reverses  slightly.  The  switch  may  then 
be  closed  at  any  time  between  t2  and  ta. 


Fig.  88 — Incorporation  of  damper  diode . 

output-and-deflection  circuit  used  in  tele¬ 
vision  receivers.  In  addition  to  supply¬ 
ing  the  deflection  energy  required  for 
horizontal  deflection  of  the  picture-tube 
beam,  this  circuit  provides  the  high  dc 
voltage  required  for  the  ultor  (anode)  of 
the  picture  tube  and  the  “boosted”  B  vol¬ 
tage  for  other  portions  of  the  receiver. 
The  horizontal-output  tube  is  usually  a 
beam  power  tube  such  as  the  6JB6A, 
6JG6A,  or  6JE6A. 

In  this  circuit,  a  sawtooth  voltage 
from  the  horizontal-oscillator  tube  is 


applied  to  the  grid  No.  1  of  the  horizon¬ 
tal-output  tube.  When  this  voltage  rises 
above  the  cutoff  point  of  the  output 
tube,  the  tube  conducts  a  sawtooth  of 
plate  current  which  is  fed  through  the 
auto-transformer  to  the  horizontal-de¬ 
flecting  yoke.  At  the  end  of  the  horizon¬ 
tal-scanning  cycle,  which  lasts  for  63.4 
microseconds,  the  sawtooth  voltage  on 
the  grid  suddenly  cuts  off  the  output 
tube.  This  sudden  change  sets  up  an 
oscillation  of  about  50  to  70  KHz  in 
the  output  circuit,  which  may  be  consid¬ 
ered  as  inductor  shunted  by  the  stray 
capacitance  of  the  circuit.  During  the  first 
half  of  this  oscillation,  a  positive  voltage 
appears  across  the  transformer.  In  the 


Fig.  89— -Typical  horizontal-deflection  and 
high-voltage  circuit. 


second  half  of  the  cycle,  the  voltage 
swings  below  the  plate  supply  voltage, 
and  the  damper  diode  conducts,  damp¬ 
ing  out  the  oscillation.  At  the  same  time, 
the  current  through  the  deflecting  yoke 
reverses  and  reaches  its  negative  peak. 
As  the  damper-diode  current  decays  ex¬ 
ponentially  to  zero,  the  output  tube  be¬ 
gins  to  conduct  again.  The  yoke  current, 
therefore,  is  composed  of  current  re¬ 
sulting  from  damper-diode  conduction 
followed  by  output-tube  conduction. 

When  the  output  tube  is  suddenly 
cut  off,  the  high-voltage  pulse  produced 
by  shock  excitation  of  the  load  circuit  is 
increased  by  means  of  an  extra  winding 
on  the  transformer.  This  high-voltage 
pulse  charges  a  high-voltage  capacitor 
through  the  high-voltage  rectifier.  The 
output  of  this  circuit  is  the  dc  high- 
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voltage  supply  for  the  picture  tube.  The 
high-voltage  rectifier  also  obtains  its 
filament  power  through  a  separate  wind¬ 
ing  on  the  horizontal-output  trans¬ 
former. 

Current  flowing  through  the  damper 
diode  charges  the  “boost”  capacitor 
through  the  damper  portion  of  the  trans¬ 
former  winding.  The  polarity  of  the 
charge  on  the  capacitor  is  such  that  the 
voltage  at  the  low  end  of  the  winding 
is  increased  above  the  plate  supply  volt¬ 
age,  or  B-f.  This  higher  voltage  or 
“boost”  is  used  for  the  output-tube 
plate  supply,  and  may  also  supply  the 
deflection  oscillators  and  the  vertical- 
output  circuit  provided  the  current  drain 
is  not  excessive. 

Vertical  Deflection 

The  vertical-deflection  circuit  in  a 
television  receiver  is  essentially  a  class 
A  audio  amplifier  with  a  complex  load 
line,  severe  low-frequency  requirements 
(much  lower  than  60  Hz),  and  a  need 
for  controlled  linearity.  The  equivalent 
low-frequency  response  for  a  10-percent 
deviation  from  linearity  is  1  Hz. 

The  required  performance  can  be 
obtained  in  a  vertical-deflection  circuit 
in  any  of  three  ways.  The  amplifier 
may  be  designed  to  provide  a  flat  re¬ 
sponse  down  to  1  Hz.  This  design, 
however,  requires  an  extremely  large 
output  transformer  and  immense  ca¬ 
pacitors.  Another  arrangement  is  to 
design  the  amplifier  for  fairly  good 
low-frequency  response  and  predistort 
the  generated  signal. 
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The  third  method  is  to  provide  ex¬ 
tra  gain  so  that  feedback  techniques 
can  be  used  to  provide  linearity.  If 
loop  feedback  of  20  or  30  dB  is  used, 
tube  gain  variations  and  non-linearities 
become  fairly  insignificant.  The  feed¬ 
back  automatically  provides  the  neces¬ 
sary  “predistortion”  to  correct  low- 
frequency  limitations.  In  addition,  the 
coupling  of  miscellaneous  signals  (such 
as  power-supply  hum  or  horizontal- 
deflection  signals)  in  the  amplifying 
loop  is  suppressed. 

A  modified  multivibrator  in  which 
the  vertical  output  tube  is  part  of  the 
oscillator  circuit  is  used  in  the  vertical 
deflection  stage  of  many  television  re¬ 
ceivers.  This  stage  supplies  the  deflec¬ 
tion  energy  required  for  vertical 
deflection  of  the  picture-tube  beam.  A 
simplified  combined  vertical-oscillator- 
output  stage  is  shown  in  Fig.  90.  Wave¬ 
shapes  at  critical  points  of  the  circuit 
are  included  to  illustrate  the  develop¬ 
ment  of  the  desired  current  through  the 
vertical  output  transformer  and  deflect¬ 
ing  yoke. 

The  current  waveform  through  the 
deflecting  yoke  and  output  transformer 
should  be  a  sawtooth  to  provide  the  de¬ 
sired  deflection.  The  grid  and  plate  volt¬ 
age  waveforms  of  the  output  tube  could 
also  be  sawtooth  except  for  the  effect  of 
the  inductive  components  in  the  yoke 
and  transformer.  The  effect  of  these  in¬ 
ductive  components  must  be  taken  into 
consideration,  however,  particularly 
during  retrace.  The  fast  rate  of  current 
change  during  retrace  time  (which  is 
approximately  1/15  as  long  as  trace 
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Fig.  90 — Simplified  combined  vertical-oscillator-and-output  stage. 
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time)  causes  a  high-voltage  pulse  at 
the  plate  which  could  give  a  trapezoi¬ 
dal  waveshape  to  the  plate  voltage  and 
cause  increased  plate  current,  excess 
damping,  and  lengthened  retrace  time. 
However,  the  grid  voltage  is  made  suf¬ 
ficiently  negative  during  retrace  to  keep 
the  tube  close  to  cutoff,  as  described 
below. 

The  frequency,  and  the  relative  de¬ 
viation  of  the  positive  and  negative  por¬ 
tions  of  each  cycle,  are  dependent  on 
the  values  of  resistors  Ri  and  Ra  and 
the  RC  combination  R#C2,  as  explained 
previously  in  the  section  on  multivibra¬ 
tors.  The  desired  trapezoidal  waveshape 
at  the  grid  of  V2  is  created  by  capacitor 
Ci  and  resistor  R».  If  Ra  were  equal  to 
zero,  Ci  would  cause  the  grid-voltage 
waveshape  to  take  the  form  shown  in 
Fig.  91(a).  When  R2  is  sufficiently  large, 
Ci  does  not  discharge  completely  when 
Vi  conducts.  When  Vi  is  cut  off,  there¬ 
fore,  the  voltage  on  the  grid  of  V«  im¬ 
mediately  rises  to  the  voltage  across 
Ci.  The  resulting  waveshape  is  shown 
in  Fig.  91(b).  The  negative-going  pulse 
of  the  grid-voltage  waveshape  prevents 
the  high  plate  pulse  from  causing  ex¬ 
cess  conductance,  and  thereby  prevents 
overdamping. 
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Fig.  91 — Waveforms  showing  effect  of  Rs 
in  Fig.  90. 

This  vertical  deflection  stage  uti¬ 
lizes  twin-triode  tubes  such  as  the  6DR7 
and  6EM7.  The  6EM7  is  particularly 
suitable  for  this  application  because  it 
incorporates  dissimilar  units  to  provide 
for  the  different  operating  requirements 
of  the  oscillator  and  output  sections. 

High-Voltage  Regulator  Circuit 

In  color-television  receivers,  it  is 
very  important  to  regulate  the  high- 
voltage  supply  to  the  picture  tube.  A 
suitable  circuit  using  the  6BK4A  for 
regulation  of  the  output  of  a  high- 
voltage,  high-impedance  supply  is  shown 
in  Fig.  92.  In  this  circuit,  the  cathode 


is  held  at  a  fixed  positive  potential 
with  respect  to  ground.  Because  the 
grid  potential  is  kept  slightly  less  posi¬ 
tive  by  the  voltage  drop  across  resistor 
R2,  the  tube  operates  in  the  negative 
grid  region  and  no  grid  current  is 
drawn. 

When  the  output  voltage,  e0,  rises 
as  a  result  of  a  decrease  in  load  current, 


Fig.  92 — High-voltage  regulator  circuit  for 
color  television. 


a  small  fraction  of  the  additional  volt¬ 
age  is  applied  to  the  grid  of  the  tube  by 
the  voltage-divider  circuit  consisting  of 
Ri  and  R2.  This  increased  grid  voltage 
causes  the  tube  to  draw  an  increased 
current  from  the  unregulated  supply. 
The  increased  current,  in  turn,  causes 
a  voltage  drop  across  the  high  internal 
impedance  of  the  unregulated  supply, 
Rs,  which  tends  to  counteract  the  origi¬ 
nal  rise  of  the  voltage.  If  desired,  the 
grid  may  be  connected  to  a  variable 
point  on  the  voltage  divider  to  allow 
some  adjustment  of  the  output-voltage 
level. 

The  grid  voltage  for  the  6BK4A 
can  also  be  obtained  from  a  tap  on  the 
B-boost  voltage  supply.  The  use  of  this 
lower  voltage  (about  375  volts)  elimi¬ 
nates  the  need  for  costly  and  trouble¬ 
some  high-voltage  resistors.  In  this 
arrangement,  variations  in  high  voltage 
also  vary  the  tapped-down  B-boost  volt¬ 
age  at  the  regulator  grid,  and  the  result¬ 
ing  variations  in  conduction  of  the 
regulator  increase  or  decrease  the  load¬ 
ing  of  the  high-voltage  supply  so  that 
the  total  load  remains  nearly  constant. 

Color  Demodulation 

In  the  transmission  of  picture  sig¬ 
nals  for  color-television  receivers,  alt 
the  color  information  is  contained  in 
three  signals,  a  luminance  (black -and- 
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white)  or  monochrome  signal  and  two 
chrominance  signals.  The  luminance 
signal,  which  is  called  the  Y  signal,  con¬ 
tains  brightness  information  only.  The 
voltage  response  of  the  Y  signal  is 
made  similar  to  the  brightness  response 
of  the  human  eye  by  use  of  a  composite 
signal  that  contains  definite  propor¬ 
tions  of  the  red,  green,  and  blue  signals 
from  the  color-television  camera  (30 
per  cent  red,  59  per  cent  green,  and 
1 1  per  cent  blue).  This  Y  signal,  which 
includes  sync  and  blanking  pulses,  pro¬ 
vides  a  correct  monochrome  picture  in 
a  conventional  black-and-white  televi¬ 
sion  receiver. 

For  the  generation  of  color-televi¬ 
sion  signals,  the  Y  signal  is  subtracted 
from  the  red,  green,  and  blue  signals 
to  provide  a  new  set  of  color-difference 
signals,  which  are  designated  as  R-Y, 
B-Y,  and  G-Y.  All  of  the  original  pic¬ 
ture  information  is  contained  in  the  Y 
signal,  the  R-Y  signal,  and  the  B-Y 
signal.  Therefore,  the  G-Y  signal  is  not 
contained  in  the  transmitted  signal,  but 
is  synthesized  in  the  receiver  by  proper 
combination  of  the  R-Y  and  B-Y  sig¬ 
nals. 

(Color  signals  transmitted  under 
present  color-television  standards  are 
not  R-Y  and  B-Y,  but  a  similar  pair  of 
signals  designated  as  I  and  Q.  In  the 
color-television  receiver,  R-Y  and  B-Y 
signals  are  demodulated  directly  from 
the  I  and  Q  signals  with  negligible  loss 
of  color  quality.  For  purposes  of  sim¬ 
plicity,  only  R-Y  and  B-Y  signals  are 
considered  in  this  explanation.  In  addi¬ 
tion,  a  90-degree  phase-shift  network 
is  shown;  the  phase-shift  angle  could 
be,  and  often  is,  some  other  value.) 

Because  the  luminance  signal  and 


the  two  color-difference  signals  must 
be  transmitted  with  a  standard  6-MHz 
channel,  the  two  color  signals  are 
combined  into  one  signal  at  the  trans¬ 
mitter  and  are  independently  recovered 
at  the  receiver  by  proper  detection 
techniques.  A  color  subcarrier  of  ap¬ 
proximately  3.58  MHz  is  used  for 
transmitting  the  color  information 
within  the  6-MHz  spectrum  of  the  tele¬ 
vision  station.  As  shown  in  Fig.  93, 
the  3,.58-MHz  subcarrier  and  one  of  the 
color-difference  signals  are  applied  di¬ 
rectly  to  a  balanced  AM  modulator. 
The  other  color-difference  signal  is  ap¬ 
plied  directly  to  a  second  balanced  AM 
modulator,  and  the  3.58  MHz  subcarrier 
is  applied  to  this  second  modulator 
through  a  90-degree  phase-shifting  net¬ 
work.  The  balanced  modulators  effec¬ 
tively  cancel  both  the  individual  color- 
difference  signals  and  the  subcarrier 
signal,  and  the  output  contains  only 
the  side-bands  of  the  combined  chromi¬ 
nance  signal. 

Recovery  of  the  color  information 
at  the  receiver  involves  a  process  called 
synchronous  detection.  In  this  process, 
two  separate  detectors  are  used  to  re¬ 
cover  the  separate  color  information, 
just  as  two  separate  modulators  were 
used  to  combine  the  information  at  the 
transmitter.  The  3.58-MHz  subcarrier, 
which  was  suppressed  during  transmis¬ 
sion,  must  be  reinserted  at  the  receiver 
for  recovery  of  the  color  information. 
The  basis  of  synchronous  detection  is 
the  phase  relationship  of  this  reinserted 
3.58-MHz  subcarrier. 

For  example,  the  original  color  in¬ 
formation  is  represented  in  Fig.  93  by 
the  color-difference  signals  -  A  and  B. 
At  the  receiver,  the  combined  color 


Fig.  93^-Formation  of  combined  color  signal  for  transmission . 
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Fig.  94 — Separation  of  combined  color  signal  into  two  signals  at  the  receiver . 


signal  is  fed  to  two  demodulators  A 
and  8,  as  shown  in  Fig.  94.  At  the  same 
time,  a  3. 5 8 -MHz  subcarrier  is  also 
fed  to  the  two  demodulators,  with 
the  same  phase  relationship  that  was 
used  in  the  modulators  at  the  trans¬ 
mitter.  This  locally  generated  subcar¬ 
rier  essentially  duplicates  or  replaces 
the  original  subcarrier,  which  was  re¬ 
moved  at  the  transmitter. 

The  local  3. 5 8 -MHz  oscillator  in 
the  color-television  receiver  is  made 
to  function  at  the  proper  frequency  and 
phase  by  means,  of  a  synchronizing  sig¬ 
nal  sent  out  by  the  transmitter.  This 
synchronizing  signal  consists  of  a  short 
burst  of  3.58-MHz  signals  transmitted 
during  the  horizontal  blanking  inter¬ 
val,  immediately  after  the  horizontal 
sync  pulse,  as  shown  in  Fig.  95. 


HORIZONTAL 


BURST  OF  3.58  MHz 
^/(8  CYCLES  MIN) 


,  HORIZONTAL 

J* - BLANKING  INTERVAL - H 


Fig.  95 — Waveform  for  synchronizing 
signal. 


Fig.  96  shows  a  simplified  diagram 
of  a  low-level  color  demodulator  fre¬ 
quently  used  in  color-television  receiv¬ 
ers.  The  locally  generated  3.58-MHz 
signal  is  applied  to  the  grid  No.  3 
of  the  pentode.  The  transmitted  color 
signal  containing  the  3.58-MHz  side¬ 
bands  is  applied  to  grid  No.  1.  The 
phase  of  the  3.58-MHz  color  signal 
constantly  changes  in  accordance  with 
its  color  content.  For  example,  the  fol¬ 
lowing  table  shows  six  variations  in  color 
(hue)  as  a  function  of  subcarrier  phase: 


Subcurrier  Phase-degrees 
(with  respect  to  3.58-MHz 
local  signal  in  phase  with  burst)  Hue 


13  Yellow 

77  Red 

119  Magenta 

193  Blue 

257  Cyan 

299  Green 


The  basic  operating  principle  of 
the  color  demodulator  shown  in  Fig. 
96  is  that  plate  current  from  the  pen¬ 
tode  is  zero  (or  quite  low)  unless  both 
grid  No.  1  and  grid  No.  3  are  simul¬ 
taneously  positive.  For  example,  when 
the  signals  applied  to  the  two  grids 
are  in  phase,  plate  current  can  be  ex¬ 
pected  to  how  for  180  degrees  of 
each  ac  cycle.  Conversely,  when  the 
signals  are  180  degrees  out  of  phase, 
plate  current  is  cut  off.  The  output  sig¬ 
nal  from  the  detector,  therefore,  is  a 
function  of  the  phase  relationship  be¬ 
tween  the  transmitted  color  signal  and 
the  locally  generated  subcarrier. 

In  a  typical  color-television  re¬ 
ceiver,  two  color  demodulators  of  the 
type  shown  in  Fig.  96  are  required. 
In  one  demodulator,  the  3.58-MHz 
subcarrier  signal  is  applied  directly  to 
the  pentode  grid  No.  3  from  the  local 
“burst”  oscillator.  In  the  other  demodu¬ 
lator,  the  3.58-MHz  signal  from  the 


Fig.  96— Low-level  color  demodulator . 
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burst  oscillator  is  shifted  90  degrees 
in  phase  before  it  is  applied  to  the 
pentode  grid  No.  3.  As  shown  previ¬ 
ously  in  Fig.  94,  the  demodulator  B 
produces  R-Y  signals.  These  B-Y  and 
R-Y  signals  are  then  combined  (ma- 
trixed)  to  produce  the  G-Y  signal,  as 
discussed  earlier.  The  complete  lumi¬ 
nance  signal  is  then  amplified  to  the 
required  level  in  a  conventional  video¬ 
amplifier  circuit. 

In  some  color-television  receivers, 
the  demodulators  are  designed  so  that 
the  color  output  signals  can  be  applied 
directly  to  the  color  picture  tube.  In 
the  diagram  shown  in  Fig.  97,  for  ex¬ 
ample,  the  6JH8  sheet-beam  demodula- 


TYPE  6JH8 


Fig.  97— Block  diagram  of  demodulator 
circuit  used  to  apply  signals  directly  to 
color  picture  tube . 


tors  produce  both  positive  and  negative 
B-Y  and  R-Y  signals.  The  positive  sig¬ 
nals  are  applied  directly  to  the  control 
grids  (grid  No.  1)  of  the  blue  and  red 
guns  of  the  color  picture  tube.  At  the 
same  time,  the  negative  color-difference 
signals  are  added  (matrixed)  in  the 
correct  proportions  to  produce  the  G-Y 
signal,  which  is  applied  to  grid  No.  1  of 
the  green  gun. 

Oscillation 

As  an  oscillator,  an  electron  tube 
can  be  employed  to  generate  a  continu¬ 
ously  alternating  voltage.  In  present- 
day  radio  broadcast  receivers,  this 
application  is  limited  practically  to 
superheterodyne  receivers  for  supplying 
the  heterodyning  frequency.  Several  cir¬ 
cuits  (represented  in  Figs.  98  and  99) 
may  be  utilized,  but  they  all  depend  on 
feeding  more  energy  from  the  plate  cir- 


Fig.  98— Tuned-grid  triode  oscillator  circuit 
using  filament-type  tube. 

cuit  to  the  grid  circuit  than  is  required 
to  equal  the  power  loss  in  the  grid  cir¬ 
cuit.  Feedback  may  be  produced  by 
electrostatic  or  electromagnetic  coupling 
between  the  grid  and  plate  circuits. 
When  sufficient  energy  is  fed  back  to 
more  than  compensate  for  the  loss  in 
the  grid  circuit,  the  tube  will  oscillate. 
The  action  consists  of  regular  surges 
of  power  between  the  plate  and  the 
grid  circuit  at  a  frequency  dependent 
on  the  circuit  constants  of  inductance 
and  capacitance.  By  proper  choice  of 
these  values,  the  frequency  may  be  ad¬ 
justed  over  a  very  wide  range. 


Fig.  99— Tuned-grid  triode  oscillator  circuit 
using  heater-cathode-type  tube. 

Multivibrators 

Relaxation  oscillators,  which  are 
widely  used  in  present-day  electronic 
equipment,  are  used  to  produce  non- 
sinusoidal  waveshapes  such  as  rectangu¬ 
lar  and  sawtooth  pulses.  Probably  the 
most  common  relaxation  oscillator  is 
the  multivibrator,  which  may  be  con¬ 
sidered  as  a  two-stage  resistance-coupled 
amplifier  in  which  the  output  of  each 
tube  is  coupled  into  the  input  of  the 
other  tube. 

Fig.  100  is  a  basic  multivibrator 
circuit  of  the  free-running  type.  In  this 
circuit,  oscillations  are  maintained  by 
the  alternate  shifting  of  conduction  from 
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one  tube  to  the  other.  The  cycle  usually 
starts  with  one  tube,  Vi,  at  zero  bias, 
and  the  other,  V2,  at  cutoff  or  beyond. 
At  this  point,  the  capacitor  Ci  is  charged 
sufficiently  to  cut  off  V2.  Ci  then  begins 
to  discharge  through  the  resistor  R4,  and 
the  voltage  on  the  grid  of  V2  rises  until 
V2  begins  to  conduct.  The  voltage  on  the 
plate  of  Vs  then  decreases,  causing  V*  to 
conduct  less  and  less.  At  the  same  time, 
the  plate  voltage  of  V*  begins  to  rise, 
causing  V2  to  conduct  still  more  heavily. 
Because  of  the  amplification,  this  cumu¬ 
lative  effect  builds  up  extremely  fast, 
and  conduction  switches  from  Vi  to  V2 


Fig.  100 — Basic  multivibrator  circuit  of 
the  free-running  type. 


within  a  few  microseconds,  depending 
on  the  circuit  components. 

In  this  circuit,  therefore,  conduc¬ 
tion  switches  from  Vi  to  V2  over  the 
interval  during  which  Ci  discharges 
from  the  voltage  across  R4  to  the  cutoff 
voltage  for  V2.  The  actual  transfer  of 
conduction  does  not  occur  until  cutoff 
is  reached.  Conduction  switches  back  to 
Vi  through  a  similar  process  to  com¬ 
plete  the  cycle.  The  plate  waveform  is 
essentially  rectangular  in  shape,  and 
may  be  adjusted  as  to  symmetry,  fre¬ 
quency,  and  amplitude  by  proper  choice 
of  circuit  constants,  tubes,  and  voltages. 

Although  this  type  of  multivibrator 
is  free-running,  it  may  be  triggered  by 
pulses  of  a  given  amplitude  and  fre¬ 
quency  to  provide  a  frequency-stabilized 
output.  Multivibrator  circuits  may  also 
be  designed  so  that  they  are  not  free- 
running,  but  must  be  triggered  ex¬ 
ternally  to  shift  conduction  from  one 
tube  to  the  other.  Depending  on  the 
type  of  circuit,  conduction  may  shift 
back  to  the  first  tube  after  a  given  time 
interval,  or  the  second  tube  may  con¬ 
tinue  conducting  until  another  trigger 
signal  is  applied. 


Synchroguide  Circuits 

The  “synchroguide”  is  a  controlled 
type  of  oscillator  used  in  television  re¬ 
ceivers  to  generate  and  controj  the  syn¬ 
chronized  sawtooth  voltage  necessary 
for  adequate  line-  or  horizontal-fre¬ 
quency  scanning.  A  simplified  synchro- 
guide  circuit  is  shown  in  Fig.  101.  This 
circuit  provides  stable,  noise-free  control 
of  a  blocking  oscillator  which  generates 
a  horizontal-frequency  signal.  It  permits 
comparison  of  the  received  sync  pulses 
and  the  generated  sawtooth  voltages  so 
that  properly  locked -in  horizontal  scan¬ 
ning  results. 

The  triode  V2  in  Fig.  101  is  a  con¬ 
ventional  blocking  oscillator  which  en¬ 
ables  a  sawtooth  voltage  to  be  developed 
across  the  capacitor  C2.  A  portion  of 
this  sawtooth  is  fed  back  to  the  grid  of 


Fig.  101 — Simplified  synchroguide  circuit . 


the  control  tube,  Vi.  The  positive  sync 
pulses  are  also  applied  to  the  grid  of 
Vi.  The  waveforms  shown  in  Fig.  102 
illustrate  the  sawtooth  and  sync  pulses 
(A  and  B)  and  their  proper  “in-sync” 


-  SAWTOOTH 


SYNC-PULSES 

"IN-SYNC" 

'  COMBINATION 

OSCILLATING 
FREQUENCY 
•  LOWER  THAN 
SYNC-PULSE 
FREQUENCY 


Fig .  102 — Sawtooth  and  sync  pulses 
synchro  guide  circuit. 


combination  (C).  The  sync  pulse  occurs 
partly  during  the  portion  of  the  saw¬ 
tooth  voltage  in  which  the  triode  Vi 
draws  current.  Any  shift  in  sync  pulse 
as  it  is  superimposed  on  the  sawtooth, 
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therefore,  will  affect  the  amount  of 
conduction  of  the  control  tube.  A 
change  in  control-tube  conduction  ulti¬ 
mately  affects  the  bias  on  the  oscillator- 
tube  grid  by  changing  the  voltage  to 
which  the  capacitor  Ci  in  the  cathode 
circuit  may  charge.  An  increase  in  the 
positive  bias  increases  the  frequency  of 
oscillation. 

For  example,  waveform  D  in  Fig. 
102  illustrates  a  condition  in  which  the 
sawtooth  voltage  is  advanced  in  phase 
with  respect  to  the  sync  pulses.  The 
widening  of  the  pulse  which  occurs  at 
the  corner  of  the  sawtooth  waveform 
allows  the  control  tube  to  conduct  more 
current  and,  consequently,  allows  the 
capacitor  Ci  to  charge  to  a  higher  volt¬ 
age.  This  increased  reference  voltage 
also  appears  in  the  grid  circuit  of  V3 
and  makes  the  grid  more  positive.  The 
increased  grid  voltage  then  speeds  up 
the  frequency  of  oscillations  until  proper 
synchronization  results. 

The  blocking  oscillator  can  be 
made  more  immune  to  changes  in  fre¬ 
quency  and  noise  if  V2  is  brought  out  of 
cutoff  very  sharply.  This  effect  is  ob¬ 
tained  by  sine-wave  stabilization.  The 
tuned  circuit  L3C3  in  the  plate  circuit 
of  Fig.  101  superimposes  a  shock-excited 
sine  wave  on  the  plate  and  grid  wave¬ 
forms,  as  shown  in  Fig.  103. 


GRID  CUTOFF 


GRADUAL  APPROACH; 
TUBE  CAN  BE  DRIVEN 


|f  OUT  OF  CUTOFF  BY 

H - SLIGHT  CIRCUIT 

VARIATIONS. 


SHARPER  APPROACH 
MAKES  OSCILLATOR  LESS 
SUSCEPTIBLE  TO 
FREQUENCY  CHANGES. 


Fig. 


1 03 — Wave  forms  showing  effect 
tuned  circuit  LACS  in  Fig*  101. 


of 


Automatic  Frequency  Control 

An  automatic  frequency  control 
(afc)  circuit  provides  a  means  of  cor¬ 
recting  automatically  the  intermediate 
frequency  of  a  superheterodyne  receiver 
when,  for  any  reason,  it  drifts  from  the 
frequency  to  which  the  if  stages  are 
tuned.  This  correction  is  made  by  ad¬ 
justing  the  frequency  of  the  oscillator. 


Such  a  circuit  will  automatically  com¬ 
pensate  for  slight  changes  in  rf  carrier 
or  oscillator  frequency  as  well  as  for 
inaccurate  manual  or  push-button  tun¬ 
ing. 

An  afc  system  requires  two  sec¬ 
tions:  a  frequency  detector  and  a  vari¬ 
able  reactance.  The  detector  section  may 
be  essentially  the  same  as  the  FM  de¬ 
tector  illustrated  in  Fig.  30  and  dis¬ 
cussed  under  Detection.  In  the  afc 
system,  however,  the  output  is  a  dc 
control  voltage,  the  magnitude  of  which 
is  proportional  to  the  amount  of  fre¬ 
quency  shift.  This  dc  control  voltage  is 
used  to  control  the  grid  bias  of  an  elec¬ 
tron  tube  which  comprises  the  variable 
reactance  section  (Fig.  104). 


Fig.  1 04 — A  utomatic~freq  u  e  n  cy -control 
(afc)  circuit. 


The  plate  current  of  the  reactance 
tube  is  shunted  across  the  oscillator  tank 
circuit.  Because  the  plate  current  and 
plate  voltage  of  the  reactance  tube  are 
almost  90  degrees  out  of  phase,  the  con¬ 
trol  tube  affects  the  tank  circuit  in  the 
same  manner  as  a  reactance.  The  grid 
bias  of  the  tube  determines  the  magni¬ 
tude  of  the  effiective  reactance  and,  con¬ 
sequently,  a  control  of  this  grid  bias  can 
be  used  to  control  the  oscillator  fre¬ 
quency. 

Automatic  frequency  control  is  also 
used  in  television  receivers  to  keep  the 
horizontal  oscillator  in  step  with  the 
horizontal-scanning  frequency  (15,750 
Hz)  at  the  transmitter.  A  widely  used 
horizontal  afc  circuit  is  shown  in  Fig. 
105.  This  circuit,  which  is  often  referred 
to  as  a  balanced-phase-detector  or 
phase-discriminator  circuit,  is  usually 
employed  to  control  the  frequency  of 
a  multivibrator-type  horizontal-oscilla¬ 
tor  circuit.  The  6AL5  detector  supplies 
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a  dc  control  voltage  to  the  grid  of  the 
horizontal-oscillator  tube  which  counter¬ 
acts  changes  in  its  operating  frequency. 
The  magnitude  and  polarity  of  the  con¬ 
trol  voltages  are  determined  by  phase 
relationships  in  the  afc  circuit  at  a 
given  moment. 

The  horizontal  sync  pulses  obtained 
from  the  sync-separator  circuit  are  fed 
through  a  single-triode  phase-inverter 
or  phase-splitter  circuit  to  the  two  diode 
units  of  the  6AL5.  Because  of  the  action 
of  the  phase-inverter  circuit,  the  signals 
applied  to  the  two  diode  units  are  equal 
in  amplitude  but  180  degrees  out  of 


OF  HORIZONTAL 
OSCSLLATOR 

Fig.  105 — Balanced  phase-detector  or 
phase-discriminator  circuit  for 
horizontal  afc. 

phase.  A  reference  sawtooth  voltage  ob¬ 
tained  from  the  horizontal  output  cir¬ 
cuit  is  also  applied  simultaneously  to 
both  units.  Any  change  in  the  oscillator 
frequency  alters  the  phase  relationship 
between  the  reference  sawtooth  and  the 
incoming  horizontal  sync  pulses,  caus¬ 
ing  one  diode  unit  of  the  6AL5  to  con¬ 
duct  more  heavily  than  the  other,  and 
thus  producing  a  correction  signal.  The 
system  remains  balanced  at  all  times, 
therefore,  because  momentary  changes 
in  oscillator  frequency  are  instantane¬ 
ously  corrected  by  the  action  of  the 
control  voltage. 

The  diode  units  of  the  6AL5  are 
biased  so  that  conduction  takes  place 
only  during  the  tips  of  the  sync  pulses. 
The  relative  position  of  the  sync  pulses 
on  the  retrace  portion  of  the  sawtooth 


waveform  at  any  given  instant  deter¬ 
mines  which  diode  unit  conducts  more 
heavily,  and  thereby  establishes  the 
magnitude  and  polarity  of  the  control 
voltage.  The  network  between  the  diode 
units  and  the  grid  of  the  horizontal- 
oscillator  tube  is  essentially  a  low-pass 
filter  which  prevents  the  horizontal  sync 
pulses  from  affecting  the  horizontal- 
oscillator  performance. 

Frequency  Conversion 

Frequency  conversion  is  used  in 
superheterodyne  receivers  to  change  the 
frequency  of  the  rf  signal  to  an  inter¬ 
mediate  frequency.  To  perform  this 
change  in  frequency,  a  frequency-con- 
verting  device  consisting  of  an  oscillator 
and  a  frequency  mixer  is  employed.  In 
such  a  device,  shown  diagrammatically 
in  Fig.  106,  two  voltages  of  different 
frequency,  the  rf  signal  voltage  and  the 
voltage  generated  by  the  oscillator,  are 
applied  to  the  input  of  the  frequency 
mixer.  These  voltages  beat,  or  hetero¬ 
dyne,  within  the  mixer  tube  to  produce 
a  plate  current  having,  in  addition  to 
the  frequencies  of  the  input  voltages, 
numerous  sum  and  difference  frequen¬ 
cies. 

The  output  circuit  of  the  mixer 
stage  is  provided  with  a  tuned  circuit 
which  is  adjusted  to  select  only  one  beat 
frequency,  i.e.,  the  frequency  equal  to 
the  difference  between  the  signal  fre¬ 
quency  and  the  oscillator  frequency. 
The  selected  output  frequency  is  known 
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Fig.  106 — Block  diagram  of  simple  fre¬ 
quency-converter  circuit . 

as  the  intermediate  frequency,  or  if. 
The  output  frequency  of  the  mixer  tube 
is  kept  constant  for  all  values  of  sig¬ 
nal  frequency  by  tuning  the  oscillator 
to  the  proper  frequency. 

Important  advantages  gained  in  a 
receiver  by  the  conversion  of  signal  fre¬ 
quency  to  a  fixed  intermediate  frequency 
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are  high  selectivity  with  few  timing 
stages  and  a  high,  as  well  as  stable,  over¬ 
all  gain  for  the  receiver. 

Several  methods  of  frequency  con¬ 
version  for  superheterodyne  receivers 
are  of  interest.  These  methods  are  alike 
in  that  they  employ  a  frequency-mixer 
tube  in  which  plate  current  is  varied  at 
a  combination  frequency  of  the  signal 
frequency  and  the  oscillator  frequency. 
These  variations  in  plate  current  pro¬ 
duce  across  the  tuned  plate  load  a  volt¬ 
age  of  the  desired  intermediate  fre¬ 
quency.  The  methods  differ  in  the  types 
of  tubes  employed  and  in  the  means  of 
supply  input  voltages  to  the  mixer  tube. 

A  method  widely  used  before  the 
availability  of  tubes  especially  designed 
for  frequency-conversion  service,  and 
currently  used  in  many  FM,  television, 
and  standard  broadcast  receivers,  em¬ 
ploys  as  mixer  tube  either  a  triode,  a 
tetrode,  or  a  pentode,  in  which  oscillator 
voltage  and  signal  voltage  are  applied  to 
the  same  grid.  In  this  method,  coupling 
between  the  oscillator  and  mixer  circuits 
is  obtained  by  means  of  inductance  or 
capacitance. 

A  second  method  employs  a  tube 
having  an  oscillator  and  frequency  mixer 
combined  in  the  same  envelope.  In  one 
form  of  such  a  tube,  coupling  between 
the  two  units  is  obtained  by  means  of 
the  election  stream  within  the  tube. 
Because  five  grids  are  used,  the  tube  is 
called  a  pentagrid  converter. 

Grids  No.  1  and  No.  2  and  the 
cathode  are  connected  to  an  external 
circuit  to  act  as  a  triode  oscillator.  Grid 
No.  1  is  the  grid  of  the  oscillator  and 
Grid  No.  2  is  the  anode.  These  and  the 
cathode  can  be  considered  as  a  com¬ 
posite  cathode  which  supplies  to  the  rest 
of  the  tube  an  electron  stream  that  var¬ 
ies  at  the  oscillator  frequency. 

This  varying  electron  stream  is  fur¬ 
ther  controlled  by  the  rf  signal  voltage 
on  grid  No.  4.  Thus,  the  variations  in 
plate  current  are  due  to  the  combina¬ 
tion  of  the  oscillator  and  the  signal  fre¬ 
quencies.  The  purpose  of  grids  No.  3 
and  No.  5,  which  are  connected  together 
within  the  tube,  is  to  accelerate  the  elec¬ 
tron  stream  and  to  shield  grid  No.  4 
electrostatically  from  the  other  elec¬ 
trodes. 


Pentagrid-converter  tubes  of  this 
design  are  good  frequency-converting 
devices  at  medium  frequencies.  How¬ 
ever,  their  performance  is  better  at  the 
lower  frequencies  because  the  output 
of  the  oscillator  drops  off  as  the  fre¬ 
quency  is  raised  and  because  certain 
undesirable  effects  produced  by  inter¬ 
action  between  oscillator  and  signal  sec¬ 
tions  of  the  tube  increase  with  fre¬ 
quency. 

To  minimize  these  effects,  several 
of  the  pentagrid-converter  tubes  are  de¬ 
signed  so  that  no  electrode  functions 
alone  as  the  oscillator  anode.  In  these 
tubes,  grid  No.  1  functions  as  the  oscil¬ 
lator  grid,  and  grid  No.  2  is  connected 
within  the  tube  to  the  screen  grid  (grid 
No.  4).  The  combined  two  grids,  Nos.  2 
and  4,  shield  the  signal  grid  (grid  No.  3) 
and  act  as  the  composite  anode  of  the 
oscillator  triode.  Grid  No.  5  acts  as  the 
suppressor  grid. 

Converter  tubes  of  this  type  are  de¬ 
signed  so  that  the  space  charge  around 
the  cathode  is  unaffected  by  electrons 
from  the  signal  grid.  Furthermore,  the 
electrostatic  field  of  the  signal  grid  also 
has  little  effect  on  the  space  charge.  The 
result  is  that  rf  voltage  on  the  signal 
grid  produces  little  effect  on  the  cath¬ 
ode  current.  There  is,  therefore,  little 
detuning  of  the  oscillator  by  avc  bias 
because  changes  in  avc  bias  produce 
little  change  in  oscillator  transconduct¬ 
ance  or  in  the  input  capacitance  of  grid 
No.  1. 

Examples  of  the  pentagrid  conver¬ 
ters  discussed  in  the  preceding  para¬ 
graph  are  the  single-ended  types  1R5 
and  6BE6.  A  schematic  diagram  illus¬ 
trating  the  use  of  the  6BE6  with  self¬ 
excitation  is  given  in  Fig.  107.  The 
6BE6  may  also  be  used  with  separate 
excitation.  A  complete  circuit  is  shown 
in  the  Circuits  section. 

Another  method  of  frequency  con¬ 
version  utilizes  a  separate  oscillator  hay¬ 
ing  its  grid  connected  to  the  No.  1  grid 
of  a  mixer  hexode.  The  cathode,  triode 
grid,  and  triode  plate  form  the  oscillator 
unit  of  the  tube.  The  cathode,  hexode 
mixer  grid  (grid  No.  1),  hexode  screen 
grids  (grids  Nos.  2  and  4),  hexode  signal 
grid  (grid  No.  3),  and  hexode  plate  con¬ 
stitute  the  mixer  unit.  The  internal 
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shields  are  connected  to  the  shell  of  the 
tube  and  act  as  a  suppressor  grid  for  the 
hexode  unit. 


TYPE  6BE6 


Fig.  107 — Frequency-converter  circuit  using 
the  6BE6  pentagrid  converter  with  self- 
excitation . 


The  action  of  this  tube  in  convert¬ 
ing  a  radio-frequency  signal  to  an  inter¬ 
mediate  frequency  depends  on  (1)  the 
generation  of  a  local  frequency  by  the 
triode  unit,  (2)  the  transferring  of  this 
frequency  to  the  hexode  grid  No.  1,  and 
(3)  the  mixing  in  the  hexode  unit  of  this 
frequency  with  that  of  the  rf  signal  ap¬ 
plied  to  the  hexode  grid  No.  3.  The  tube 
is  not  critical  to  changes  in  oscillator- 
plate  voltage  or  signal-grid  bias  and, 
therefore,  finds  important  use  in  all¬ 
wave  receivers  to  minimize  frequency- 
shift  effects  at  the  higher  frequencies. 

A  further  method  of  frequency  con¬ 
version  employs  a  tube  called  a  penta¬ 
grid  mixer.  This  type  has  two  independ¬ 
ent  control  grids  and  is  used  with  a 
separate  oscillator  tube.  RF  signal  volt¬ 
age  is  applied  to  one  of  the  control  grids 
and  oscillator  voltage  is  applied  to  the 
other.  It  follows,  therefore,  that  the 
variations  in  plate  current  are  due  to 
the  combination  of  the  oscillator  and 
signal  frequencies. 

The  tube  contains  a  heater-cathode, 
five  grids,  and  a  plate.  Grids  Nos.  1  and 
3  are  control  grids.  The  rf  signal  volt¬ 
age  is  applied  to  grid  No.  1.  This  grid 
has  a  remote-cutoff  characteristic  and  is 
suited  for  control  by  avc  bias  voltage. 
The  oscillator  voltage  is  applied  to  grid 
No,  3.  This  grid  has  a  sharp- cutoff  char¬ 
acteristic  and  produces  a  comparatively 
large  effect  on  plate  current  for  a  small 
amount  of  oscillator  voltage.  Grids  Nos. 
2  and  4  are  connected  together  within 
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the  tube.  They  accelerate  the  electron 
stream  and  shield  grid  No.  3  electro¬ 
statically  from  the  other  electrodes. 
Grid  No.  5,  connected  within  the  tube 
to  the  cathode,  functions  similarly  to 
the  suppressor  grid  in  a  pentode, 

In  the  converter  or  mixer  stage  of 
a  television  receiver,  stable  oscillator 
operation  is  most  readily  obtained  when 
separate  tubes  or  tube  sections  are  used 
for  the  oscillator  and  mixer  functions. 
A  typical  television  mixer-oscillator  cir¬ 
cuit  is  shown  in  Fig.  108.  In  such  cir¬ 
cuits,  the  oscillator  voltage  is  applied  to 
the  mixer  grid  by  inductive  coupling,  ca¬ 
pacitive  coupling,  or  a  combination  of 
the  two.  Tubes  containing  electrically 
independent  oscillator  and  mixer  units 
in  the  same  envelope,  such  as  the  6U8A 
and  6X8,  are  designed  especially  for 
this  application. 


Fig.  108— Typical  television  mixer-oscillator 
circuit . 


Tuning  Indication  With 
Electron-Ray  Tubes 

Electron-ray  tubes  are  designed  to 
indicate  visually  by  means  of  a  fluores¬ 
cent  target  the  effects  of  a  change  in 
controlling  voltage.  One  application  of 
them  is  as  tuning  indicators  in  radio 
receivers.  Types  such  as  the  6U5,  6E5, 
and  the  6AB5/6N5  contain  two  main 
parts:  (1)  a  triode  which  operates  as  a 
dc  amplifier  and  (2)  an  electron-ray  in¬ 
dicator  which  is  located  in  the  bulb  as 
shown  in  Fig.  109.  The  target  is  oper¬ 
ated  at  a  positive  voltage  and,  therefore, 
attracts  electrons  from  the  cathode. 
When  the  electrons  strike  the  target  they 
produce  a  glow  on  the  fluorescent  coat¬ 
ing  of  the  target.  Under  these  condi¬ 
tions,  the  target  appears  as  a  ring  of 
light. 

A  rayrcontrol  electrode  is  mounted 
between  the  cathode  and  target.  When 
the  potential  of  this  electrode  is  less 
positive  than  the  target,  electrons  flow- 
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ing  to  the  target  are  repelled  by  the 
electrostatic  field  of  the  electrode,  and 
do  not  reach  that  portion  of  the  target 
behind  the  electrode.  Because  the  target 
does  not  glow  where  it  is  shielded  from 
electrons,  the  control  electrode  casts  a 
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Fig.  109 — Structure  of  electron-ray  tube. 


shadow  on  the  glowing  target.  The  ex¬ 
tent  of  this  shadow  varies  from  approxi¬ 
mately  100  degrees  of  the  target  when 
the  control  electrode  is  much  more  nega¬ 
tive  than  the  target  to  0  degrees  when 
the  control  electrode  is  at  approximately 
the  same  potential  as  the  target. 

In  the  application  of  the  electron- 
ray  tube,  the  potential  of  the  control 
electrode  is  determined  by  the  voltage 
on  the  grid  of  the  triode  section,  as  can 
be  seen  in  Fig.  110.  The  flow  of  the 
triode  plate  current  through  resistor  R 
produces  a  voltage  drop  which  de- 


Fig.  110 — Indicating  circuit  using  an 
electron-ray  tube. 

termines  the  potential  of  the  control 
electrode.  When  the  voltage  of  the  triode 
grid  changes  in  the  positive  direction, 
plate  current  increases,  the  potential  of 
the  control  electrode  goes  down  because 
of  the  increased  drop  across  R,  and  the 


shadow  angle  widens.  When  the  poten¬ 
tial  of  the  triode  grid  changes  in  the 
negative  direction,  the  shadow  angle 
narrows. 

Another  type  of  indicator  tube  is 
the  6AF6G.  This  tube  contains  only  an 
indicator  unit  but  employs  two  ray-con¬ 
trol  electrodes  mounted  on  opposite 
sides  of  the  cathode  and  connected  to 
individual  base  pins.  It  employs  an  ex¬ 
ternal  dc  amplifier.  (See  Fig.  111.) 
Thus,  two  symmetrically  opposite 
shadow  angles  may  be  obtained  by  con¬ 
necting  the  two  ray-control  electrodes 
together;  or,  two  unlike  patterns  may 
be  obtained  by  individual  connection  of 
each  ray-control  electrode  to  its  re¬ 
spective  amplifier. 

In  radio  receivers,  avc  voltage  is 
applied  to  the  grid  of  the  dc  amplifier. 


R:  TYPICAL  VALUE  IS  0.5  MEGOHM 

Fig.  Ill — Indicating  circuit  using  6AF6G 
electron-ray  tube  and  external  dc  amplifier . 


Because  avc  voltage  is  at  maximum 
when  the  set  is  tuned  to  give  maximum 
response  to  a  station,  the  shadow  angle 
is  at  minimum  when  the  receiver  is 
tuned  to  resonance  with  the  desired 
station. 

The  choice  between  electron-ray 
tubes  depends  on  the  avc  characteristic 
of  the  receiver.  The  6E5  contains  a 
sharp-cutoff  triode  which  closes  the 
shadow  angle  on  a  comparatively  low 
value  of  avc  voltage.  The  6AB5/6N5 
and  6U5  each  have  a  remote-cutoff  tri¬ 
ode  which  closes  the  shadow  on  a  larger 
value  of  avc  voltage  than  the  6E5.  The 
6AF6G  may  be  used  in  conjunction 
with  dc  amplifier  tubes  having  either 
remote-  or  sharp-cutoff  characteristics. 
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THE  installation  of  electron  tubes 
requires  care  if  high-quality  per¬ 
formance  is  to  be  obtained  from  the 
associated  circuits.  Installation  sugges¬ 
tions  and  precautions  which  are  gener¬ 
ally  common  to  all  types  of  tubes  are 
covered  in  this  section.  Careful  observ¬ 
ance  of  these  suggestions  will  do  much 
to  help  the  experimenter  and  electronic 
technician  obtain  the  full  performance 
capabilities  of  radio  tubes  and  circuits. 
Additional  pertinent  information  is 
given  under  each  tube  type  and  in  the 
Circuits  section. 

Filament  and  Heater 
Power  Supply 

The  design  of  electron  tubes  allows 
for  some  variation  in  the  voltage  and 
current  supplied  to  the  filament  or 
heater,  but  most  satisfactory  results  are 
obtained  from  operation  at  the  rated 
values.  When  the  voltage  is  low,  the 
temperature  of  the  cathode  is  below 
normal,  with  the  result  that  electron 
emission  is  limited.  The  limited  emis¬ 
sion  may  cause  unsatisfactory  operation 
and  reduced  tube  life.  On  the  other 
hand,  high  cathode  voltage  may  cause 
rapid  evaporation  of  cathode  materia! 
and  shorten  tube  life. 

To  insure  proper  tube  operation,  it 
is  important  that  the  filament  or  heater 
voltage  be  checked  at  the  socket  termi¬ 
nals  by  means  of  a  high-resistknce  volt¬ 
meter  while  the  equipment  is  in  opera¬ 
tion.  In  the  case  of  series  operation  of 
heaters  or  filaments,  correct  adjustment 
can  be  checked  by  means  of  an  ammeter 
in  the  heater  or  filament  circuit. 

The  filament  or  heater  voltage  sup¬ 


ply  may  be  a  direct-current  source  (a 
battery  or  a  dc  power  line)  or  an  alter¬ 
nating-current  power  line,  depending  on 
the  type  of  service  and  type  of  tube. 
Frequently,  a  resistor  (either  variable 
or  fixed)  is  used  with  a  dc  supply  to  per¬ 
mit  compensation  for  battery  voltage 
variations  or  to  adjust  the  tube  voltage 
at  the  socket  terminals  to  the  correct 
value.  Ordinarily,  a  step-down  trans¬ 
former  is  used  with  an  ac  supply  to  pro¬ 
vide  the  proper  filament  or  heater  volt¬ 
age.  Receivers  intended  for  operation  on 
both  dc  and  ac  power  lines  have  the 
heaters  connected  in  series  with  a  suit¬ 
able  resistor  and  supplied  directly  from 
the  power  line. 

DC  filament  or  heater  operation 
should  be  considered  on  the  basis  of  the 
source  of  power.  In  the  case  of  the  bat¬ 
tery  supply  for  the  1.4-volt  filament 
tubes,  it  is  unnecessary  to  use  a  voltage¬ 
dropping  resistor  in  series  with  the  fila¬ 
ment  and  a  single  dry-cell;  the  filaments 
of  these  tubes  are  designed  to  operate 
satisfactorily  over  the  range  of  voltage 
variations  that  normally  occur  during 
the  life  of  a  dry-cell.  Likewise,  no  series 
resistor  is  required  when  the  1. 25-volt 
filament  subminiatures  are  operated 
from  a  single  1.5-volt  flashlight-type 
dry-cell,  when  the  2-volt  filament-type 
tubes  are  operated  from  a  single  storage 
cell,  or  when  the  6. 3 -volt  series  are 
operated  from  a  6-volt  storage  battery. 

In  the  case  of  dry-battery  supply 
for  2-volt  filament  tubes,  a  variable  re¬ 
sistor  in  series  with  the  filament  and 
the  battery  is  required  to  compensate 
for  battery  variations.  Turning  the  set 
on  and  off  by  means  of  the  rheostat  is 
advised  to  prevent  over-voltage  condi¬ 
tions  after  an  off-period  because  the 
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voltage  of  dry-cells  rises  during  off 
periods. 

In  the  case  of  storage-battery  sup¬ 
ply,  air-cell-battery  supply,  or  do  power 
supply,  a  non-ad  justable  resistor  of  suit¬ 
able  value  may  be  used.  It  is  well  to 
check  initial  operating  conditions,  and 
thus  the  resistor  value,  by  means  of  a 
voltmeter  or  ammeter. 

AC  filament  or  heater  operation 
should  be  considered  on  the  basis  of 
either  a  parallel  or  a  series  arrange¬ 
ment  of  filaments  and/or  heaters.  In  the 
case  of  the  parallel  arrangements,  a 
step-down  transformer  is  employed.  Pre¬ 
cautions  should  be  taken  to  see  that  the 
line  voltage  is  the  same  as  that  for 
which  the  primary  of  the  transformer  is 
designed,  The  line  voltage  may  be  de¬ 
termined  by  measurement  with  an  ac 
voltmeter  (0-150  volts). 

If  the  line  voltage  measures  in  ex¬ 
cess  of  that  for  which  the  transformer  is 
designed,  a  resistor  should  be  placed  in 
series  with  the  primary  to  reduce  the 
line  voltage  to  the  rated  value  of  the 
transformer  primary.  Unless  this  is 
done,  the  excess  input  voltage  will  cause 
proportionally  excessive  voltage  to  be 
applied  to  the  tubes.  Any  electron  tube 
may  be  damaged  or  made  inoperative 
by  excessive  operating  voltages. 

If  the  line  voltage  is  consistently 
below  that  for  which  the  primary  of  the 
transformer  is  designed,  it  may  be 
necessary  to  install  a  booster  trans¬ 
former  between  the  ac  outlet  and  the 
transformer  primary.  Before  such  a 
transformer  is  installed,  the  ac  line  fluc¬ 
tuations  should  be  very  carefully  noted. 
Some  radio  sets  are  equipped  with  a 
line-voltage  switch  which  permits  ad¬ 
justment  of  the  power  transformer  pri¬ 
mary  to  the  line  voltage.  When  this 
switch  is  properly  adjusted,,  the  series- 
resistor  or  booster-transformer  method 
of  controlling  line  voltage  is  seldom  re¬ 
quired. 

In  the  case  of  the  series  arrange¬ 
ments  of  filaments  and/or  heaters,  a 
voltage-dropping  resistance  in  series 
with  the  heaters  and  the  supply  line  is 
usually  required.  This  resistance  should 
be  of  such  value  that,  for  normal  line 
voltage,  tubes  wil  operate  at  their  rated 
heater  or  filament  current.  The  method 


for  calculating  the  resistor  value  is 
given  below. 

When  the  filaments  of  battery-type 
tubes  are  connected  iri  series,  the  total 
filament  current  is  the  sum  of  the  cur¬ 
rent  due  to  the  filament  supply  and  the 
plate  and  grid-No.  2  Currents  (cathode 
current)  returning  to  $(^)  through  the 
tube  filaments.  Consequently]  in  a  series 
filament  string  it  is  necessary  to  add 
shunt  resistors  across  each  filament  sec¬ 
tion  to  bypass  this  cathode  current  in 
order  to  maintain  the  filament  voltage 
at  its  rated  value. 

The  filament  or  heater  resistor 
required  when  filaments  and/or  heaters 
are  operated  in  paraliel  can  be  deter¬ 
mined  easily  by  a  simple  formula  de¬ 
rived  from  Ohm’s  law. 

Required  resistance  (ohms)  s= 

supply  volts  —  rated  volts  of  tube  type 
total  rated  filament  current  (amperes) 

Thus,  if  a  receiver  using  two  IT4’s,  one 
IRS,  one  IU5,  and  one  3Y4  is  to  be 
operated  from  a  storage  battery,  the 
series  resistor  is  equal  to  2  volts  (the 
voltage  from  a  single  storage  cell)  minus 
1.4  volts  (voltage  rating  for  these  tubes) 
divided  by  0.3  ampere  (the  sum  of 
4  X  0.05  ampere  -f  1  X  0.1  ampere), 
i.e approximately  2  ohms.  Because  this 
resistor  should  be  variable  to  allow  ad¬ 
justment  for  battery  depreciation,  it  is 
advisable  to  obtain  the  next  larger  com¬ 
mercial  size,  although  any  value  be¬ 
tween  2  and  3  ohms  will  be  quite  satis¬ 
factory. 

Where  much  power  is  dissipated  in 
the  resistor,  the  wattage  rating  should 
be  sufficiently  large  to  prevent  over¬ 
heating.  The  power  dissipation  in  watts 
is  equal  to  the  voltage  drop  in  the  resis¬ 
tor  multiplied  by  the  total  filament  cur¬ 
rent  in  amperes.  Thus,  for  the  example 
above,  0.6  X  0.3  =  0.18  watt.  In  this 
case,  the  value  is  so  small  that  any  com¬ 
mercial  rheostat  with  suitable  resistance 
will  be  adequate. 

For  the  case  where  the  heaters 
and/or  filaments  of  several  tubes  are 
operated  in  series,  the  resistor  value  is 
calculated  by  the  following  formula, 
also  deriyed  from  Ohm’s  law. 

Required  resistance  (ohms)  =' 

supply  volts  —  total  rated  volts  of  tubes 
rated  amperes  of  tubes 
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Thus,  if  a  receiver  having  one  6BE6, 
one  6BA6,  one  6AT6,  one  25L6GT,  and 
one  25Z6GT  is  to  be  operated  from  a 
117-volt  power  line,  the  series  resistor 
is  equal  to  117  volts  (the  supply  voltage) 
minus  68.9  volts  (the  sum  of  3  X  6.3 
volts  4-  2  X  25  volts)  divided  by  0.3 
ampere  (current  rating  of  these  tubes), 
i.e.,  approximately  160  ohms.  The  wat¬ 
tage  dissipation  in  the  resistor  will  be 
117  volts  minus  68.9  volts  times  0.3 
ampere,  or  approximately  14.4  watts.  A 
resistor  having  a  wattage  rating  in  ex¬ 
cess  of  this  value  should  be  chosen. 

When  the  series-heater  connection 
is  used  in  ac/dc  receivers,  it  is  usually 
advisable  to  arrange  the  heaters  in  the 
circuit  so  that  the  tubes  most  sensitive 
to  hum  disturbances  are  at  or  near  the 
ground  potential  of  the  circuit.  This  ar¬ 
rangement  reduces  the  amount  of  ac 
voltage  between  the  heaters  and  cath¬ 
odes  of  these  tubes  and  minimizes  the 
hum  output  of  the  receiver.  The  order 
of  heater  connection,  by  tube  function, 
from  chassis  to  the  rectifier-cathode  side 
of  the  ac  line  is  shown  in  Fig.  112. 


the  electron  stream  by  the  alternating 
magnetic  field  surrounding  the  heater. 
When  a  large  resistor  is  used  between 
heater  and  cathode  (as  in  series-con¬ 
nected  heater  strings),  or  when  one  side 
of  the  heater  is  grounded,  even  a  minute 
pulsating  leakage  current  between  heater 
and  cathode  can  develop  a  small  volt¬ 
age  across  the  cathode-circuit  imped¬ 
ance  and  cause  objectionable  hum.  The 
use  of  a  large  cathode  bypass  capacitor 
is  recommended  to  minimize  this  source 
of  hum. 

Much  lower  hum  levels  can  be 
achieved  when  heaters  are  connected  in 
parallel  systems  in  which  the  center-tap 
of  the  heater  supply  is  grounded  or, 
preferably,  connected  to  a  positive  bias 
source  of  15  to  80  volts  dc  to  reduce  the 
flow  of  alternating  current.  The  heater 
leads  of  the  tubes  should  be  twisted  and 
kept  away  from  high-impedance  circuits. 
The  balanced  ac  supply  provides  almost 
complete  cancellation  of  the  alternat¬ 
ing-current  components. 

The  balanced  arrangement  de¬ 
scribed  above  also  minimizes  heater- 


Fig,  112 — Order  of  series  heater-string  connection ,  by  tube  function,  to  minimize  hum . 


Heater-to-Cathode  Connection 

When  heater-type  tubes  are  oper¬ 
ated  from  ac,  their  cathodes  may  be  re¬ 
turned  (through  resistors,  capacitors,  or 
other  components)  to  the  mid-tap  on 
the  heater  supply  winding,  to  the  mid¬ 
tap  of  a  small  resistor  (about  50  ohms) 
connected  across  the  winding,  or  to  one 
end  of  the  heater  supply  winding,  de¬ 
pending  on  circuit  requirements.  In  all 
circuits,  it  is  important  to  keep  the 
heater-cathode  voltage  within  the  maxi¬ 
mum  ratings  specified  for  the  tube. 

Heater-type  tubes  may  produce 
hum  as  a  result  of  conduction  between 
heater  and  cathode  or  between  heater 
and  control  grid,  or  by  modulation  of 


grid  hum.  High  grid-circuit  impedances 
should  be  avoided,  if  possible.  High 
heater  voltages  should  also  be  avoided 
because  heater-cathode  hum  rises  sharply 
when  the  heater  voltage  is  increased 
above  the  published  value. 

Certain  tube  types  are  designed 
especially  to  minimize  hum  in  high- 
quality,  high-fidelity  audio  equipment. 
Examples  are  the  5879,  7025,  and  7199. 

Plate  Voltage  Supply 

The  plate  voltage  for  electron  tubes 
is  obtained  from  batteries,  rectifiers, 
direct-current  power  lines,  and  small 
local  generators.  The  maximum  plate- 
voltage  value  for  any  tube  type  should 
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not  be  exceeded  if  most  satisfactory 
performance  is  to  be  obtained.  Plate 
voltage  should  not  be  applied  to  a  tube 
unless  the  corresponding  recommended 
voltage  is  also  supplied  to  the  grid. 

It  is  recommended  that  the  primary 
circuit  of  the  power  transformer  be 
fused  to  protect  the  rectifier  tube(s),  the 
power  transformer,  filter  capacitor,  and 
chokes  in  case  a  rectifier  tube  fails. 

Grid  Voltage  Supply 

The  recommended  grid  voltages  for 
different  operating  conditions  have  been 
carefully  determined  to  give  the  most 
satisfactory  performance.  Grid  voltage 
may  be  obtained  from  a  fixed  source 
such  as  a  separate  C-battery  or  a  tap  on 
the  voltage  divider  of  the  high-voltage 
dc  supply,  from  the  voltage  drop  across 
a  resistor  in  the  cathode  circuit,  or  from 
the  voltage  drop  across  a  resistor  in  the 
grid  circuit.  The  first  method  is  called 
“fixed  bias”;  the  second  is  called  “cath¬ 
ode  bias”  or  “self  bias”;  the  third  is 
called  “grid-resistor  bias”  and  is  some¬ 
times  incorrectly  referred  to  in  re¬ 
ceiving-tube  practice  as  “zero-bias 
operation.” 

In  any  case,  the  object  is  to  make 
the  grid  negative  with  respect  to  the 
cathode  by  the  specified  voltage.  When 
a  C-battery  is  used,  the  negative  termi¬ 
nal  is  connected  to  the  grid  return  and 
the  positive  terminal  is  connected  to  the 
negative  filament  socket  terminal,  or  to 
the  cathode  terminal  if  the  tube  is  of 
the  heater-cathode  type.  If  the  filament 
is  supplied  with  alternating  current,  this 
connection  is  usually  made  to  the  cen¬ 
ter-tap  of  a  low  resistance  (20  to  50 
ohms)  shunted  across  the  filament  ter¬ 


minals.  This  method  reduces  hum  dis¬ 
turbances  caused  by  the  ac  supply.  If 
bias  voltages  are  obtained  from  the 
voltage  divider  of  a  high-voltage  dc 
supply,  the  grid  return  is  connected  to 
a  more  negative  tap  than  the  cathode. 

The  cathode-biasing  method  uti¬ 
lizes  the  voltage  drop  produced  by  the 
cathode  current  flowing  through  a  re¬ 
sistor  connected  between  the  cathode 
and  the  negative  terminal  of  the  B -sup¬ 
ply.  (See  Fig.  113.)  The  cathode  current 
is,  of  course,  equal  to  the  plate  current 
in  the  case  of  a  triode,  or  to  the  sum 
of  the  plate  and  grid-Mo.  2  currents 
in  the  case  of  a  tetrode,  pentode,  or 
beam  power  tube.  Because  the  voltage 
drop  along  the  resistance  is  increas¬ 
ingly  negative  with  respect  to  the  cath¬ 
ode,  the  required  negative  grid-bias 
voltage  can  be  obtained  by  connecting 
the  grid  return  to  the  negative  end  of 
the  resistance. 

The  value  of  the  resistance  tor 
cathode-biasing  a  single  tube  can  be  de¬ 
termined  from  the  following  formula: 

Resistance  (ohms)  = 

desired  grid-bias  voltage  X  100U 
rated  cathode  current  in  milliamperes 
Thus,  the  resistance  required  to  pro¬ 
duce  9  volts  bias  for  a  triode  which 
operates  at  3  milliamperes  plate  current 
is  9  X  1000/3  =  3000  ohms.  If  the 
cathode  current  of  more  than  one  tube 
passes  through  the  resistor,  or  if  the 
tube  or  tubes  employ  more  than  three 
electrodes,  the  total  current  determines 
the  size  of  the  resistor. 

Bypassing  of  the  cathode-bias  re¬ 
sistor  depends  on  circuit-design  require¬ 
ments,  In  rf  circuits  the  cathode  resistor 
usually  is  bypassed.  In  af  circuits  the 
use  of  an  unbypassed  resistor  will  re- 


Fig.  113— Typical  grid-voltage  supply  circuits , 
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duce  distortion  by  introducing  degene¬ 
ration  into  the  circuit.  However,  the 
use  of  an  unbypassed  resistor  decreases 
gain  and  power  sensitivity.  When  by¬ 
passing  is  used,  it  is  important  that  the 
bypass  capacitor  be  sufficiently  large  to 
have  negligible  reactance  at  the  lowest 
frequency  to  be  amplified. 

In  the  case  of  power-output  tubes 
having  high  transconductance,  such  as 
beam  power  tubes,  it  may  be  necessary 
to  shunt  the  bias  resistor  with  a  small 
mica  capacitor  (approximately  0.00 luF) 
in  order  to  prevent  oscillations.  The 
usual  af  bypass  may  or  may  not  be 
used,  depending  on  whether  or  not 
degeneration  is  desired.  In  tubes  having 
high  values  of  transconductance,  such 
as  the  6BA6,  6CB6,  and  6AC7,  input 
capacitance  and  input  conductance 
change  appreciably  with  plate  current. 
When  such  a  tube  having  a  separate 
suppressor-grid  connection  is  used  as  an 
rf  amplifier,  these  changes  may  be  mini¬ 
mized  by  leaving  a  certain  portion  of 
the  cathode-bias  resistor  unbypassed.  In 
order  to  minimize  feedback  when  this 
method  is  used,  the  external  grid-No.  1- 
to-plate  (wiring)  capacitances  should  be 
kept  to  a  minimum,  the  grid  No.  2 
should  be  bypassed  to  ac  ground,  and 
the  grid  No.  3  should  be  connected  to 
ac  ground. 

The  use  of  a  cathode  resistor  to 
obtain  bias  voltage  is  not  recommended 
for  amplifiers  in  which  there  is  appre¬ 
ciable  shift  of  electrode  currents  with 
the  application  of  a  signal.  In  such 
amplifiers,  a  separate  fixed  supply  is 
recommended. 

The  grid-resistor  biasing  method 
is  also  a  self-bias  method  because  it 
utilizes  the  voltage  drop  across  the  grid 
resistor  produced  by  small  amounts  of 
grid  current  flowing  in  the  grid-cathode 
circuit.  This  current  is  due  to  (1)  an 
electromotive  potential  difference  be¬ 
tween  the  materials  comprising  the  grid 
and  cathode  and  (2)  grid  rectification 
when  the  grid  is  driven  positive.  A  large 
value  of  resistance  is  required  in  order 
to  limit  this  current  to  a  very  small 
value  and  to  avoid  undesirable  loading 
effects  on  the  preceding  stage. 

Examples  of  this  method  of  bias 
are  given  in  the  Circuits  section.  In 


these  circuits,  the  audio  amplifier  type 
1U5  or  12AV6  has  a  10-megohm  resistor 
between  the  grid  and  the  negative  fila¬ 
ment  or  cathode  to  furnish  the  required 
bias,  which  is  usually  less  than  1  volt. 
This  method  of  biasing  is  used  prin¬ 
cipally  in  the  early  voltage-amplifier 
stages  (usually  employing  high-mu 
triodes)  of  audio  amplifier  circuits, 
where  the  tube  dissipation  will  not  be 
excessive  under  zero-signal  conditions. 

A  grid  resistor  is  also  used  in  many 
oscillator  circuits  for  obtaining  the  re¬ 
quired  bias.  In  these  circuits,  the  grid 
voltage  is  relatively  constant  and  its 
magnitude  is  usually  in  the  order  of  5 
volts  or  more.  Consequently,  the  bias 
voltage  is  obtained  only  through  grid 
rectification.  A  relatively  low  value 
of  resistor,  0.1  megohm  or  less,  is 
used.  Oscillator  circuits  employing  this 
method  of  bias  are  given  in  the  Circuits 
section. 

Grid-bias  variation  for  the  rf  and 
if  amplifier  stages  is  a  convenient  and 
frequently  used  method  for  controlling 
receiver  volume.  The  variable  voltage 
supplied  to  the  grid  may  be  obtained: 
(1)  from  a  variable  cathode  resistor  as 
shown  in  Figs.  114  and  115;  (2)  from  a 
bleeder  circuit  by  means  of  a  poten¬ 
tiometer  as  shown  in  Fig.  116;  or  (3) 
from  a  bleeder  circuit  in  which  the 
bleeder  current  is  varied  by  a  tube 


Fig.  1 14— Amplifier  stage  using  a  variable 
cathode-bias  resistor  for  volume  control. 

used  for  automatic  volume  control. 
The  latter  circuit  is  shown  in  Fig  61. 

In  all  cases  it  is  important  that 
the  control  be  arranged  so  that  at  no 
time  will  the  bias  be  less  than  the 
recommended  minimum  grid-bias  volt¬ 
age  for  the  particular  tubes  used.  This 
requirement  can  be  met  by  providing 
a  fixed  stop  on  the  potentiometer,  by 
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connecting  a  fixed  resistance  in  series 
with  the  variable  resistance,  or  by  con¬ 
necting  a  fixed  cathode  resistance  in 
series  with  the  variable  resistance  used 
for  regulation.  Where  receiver  gain  is 


Fig.  115 — Amplifier  stage  similar  to  Fig. 

114  but  using  heater-cathode-type  tube. 

controlled  by  grid-bias  variation,  it  is 
advisable  to  have  the  control  voltages 
extend  over  a  wide  range  in  order  to 
minimize  cross-modulation  and  modula¬ 
tion-distortion.  A  remote-cutoff  type  of 
tube  should,  therefore,  be  used  in  the 
controlled  stages. 


Fig.  116 — Amplifier  stage  using  a  bleeder 
circuit  and  potentiometer  for  volume 
control . 

In  most  tubes  employing  a  unipo¬ 
tential  cathode,  a  positive  grid  current 
begins  to  flow  when  the  grid  is  slightly 
negative  and  increases  rapidly  as  the 
grid  is  made  more  positive,  as  shown 
in  Fig.  117.  The  value  of  grid  voltage 
at  which  the  grid-current  curve  inter¬ 
cepts  the  horizontal  axis  is  determined 
by  several  different  physical  processes, 
including  an  electrothermal  effect  due 
to  the  differences  in  temperature  and 
in  material  composition  of  the  grid 
and  the  cathode,  and  by  the  positive 
grid  current.  For  values  of  grid  poten¬ 
tials  which  are  larger  than  this  inter¬ 
cept,  the  direction  of  the  grid  current 
is  positive  {i.e.,  from  the  grid  to  the 
cathode).  At  smaller  values  of  grid  po¬ 
tential,  the  direction  of  the  grid  current 


is  negative  {i.e.,  from  the  cathode  to  the 
grid). 

Positive  grid  current  consists  of 
electrons  emitted  from  the  cathode 
which  are  intercepted  by  the  control 
grid.  Negative  grid  current,  which  be¬ 
comes  appreciable  only  when  the  grid 
potential  is  more  negative  than  the 
value  of  the  intercept,  is  a  result  of 
the  emission  of  electrons  from  the 
heated  control  grid  to  the  cathode,  the 
effect  of  gas  molecules  in  the  tube, 
and  the  influence  of  leakage  currents 
between  the  grid  and  cathode  and  the 
grid  and  the  plate. 

The  value  of  grid  potential  at  the 
intercept  of  the  grid-current  curve  on 
the  horizontal  axis  (often  mistakenly 
called  contact  potential)  may  be  as  high 
as  lVi  volts.  If  the  operating  bias  of  the 
tube  is  less  than  this  intercept,  it  is 
found  that  two  effects  are  present. 
Direct  current  flows  in  the  grid  circuit, 
and  the  dynamic  input  resistance  of  the 
tube  may  be  relatively  low.  It  is  gen¬ 
erally  desirable  to  supply  the  tube  with 
a  value  of  bias  sufficiently  high  so  that 
the  operating  point  of  the  tube  is  not 
near  the  value  of  this  intercept.  If  the 
value  of  the  operating  bias  is  near  the 
value  of  the  intercept,  care  should  be 
taken  to  avoid  undesirable  effects  in 
the  grid  circuit  due  to  grid  current  or 
low  input  resistance. 


Fig.  117— Curves  showing  flow  of  positive 
grid  current  in  tubes  employing  unipotential 
cathodes . 


Screen-Grid  Voltage  Supply 

The  positive  voltage  for  the  screen 
grid  (grid  No.  2)  of  screen-grid  tubes 
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may  be  obtained  from  a  tap  on  a  volt¬ 
age  divider,  from  a  potentiometer,  or 
from  a  series  resistor  connected  to  a 
high-voltage  source,  depending  on  the 
particular  tube  type  and  its  application. 
The  screen-grid  voltage  for  tetrodes 
should  be  obtained  from  a  voltage 
divider  or  a  potentiometer  rather  than 
through  a  series  resistor  from  a  high- 
voltage  source  because  of  the  character¬ 
istic  screen-grid  current  variations  of 
tetrodes.  Fig.  118  shows  a  tetrode  with 
its  screen-grid  voltage  obtained  from  a 
potentiometer. 

When  pentodes  or  beam  power 
tubes  are  operated  under  conditions 
where  a  large  shift  of  plate  and  screen- 
grid  currents  does  not  take  place  with 
the  application  of  the  signal,  the  screen- 
grid  voltage  may  be  obtained  through 
a  series  resistor  from  a  high-voltage 


Fig,  118 — Tetrode  circuit  in  which  screen- 

grid  voltage  is  obtained  from  a 
potentiometer, 

source.  This  method  of  supply  is  pos¬ 
sible  because  of  the  high  uniformity 
of  the  screen-grid  current  characteristic 
in  pentodes  and  beam  power  tubes. 
Because  the  screen-grid  voltage  rises 
with  increase  in  bias  and  resulting  de¬ 
crease  in  screen-grid  current,  the  cutoff 
characteristic  of  a  pentode  is  extended 
by  this  method  of  supply. 

This  method  is  sometimes  used  to 
increase  the  range  of  signals  which  can 
be  handled  by  a  pentode.  When  used 
in  resistance-coupled  amplifier  circuits 
employing  pentodes  in  combination 
with  the  cathode-biasing  method,  it 
minimizes  the  need  for  circuit  adjust¬ 
ments.  Fig.  119  shows  a  pentode  with 
its  screen-grid  voltage  supplied  through 
a  series  resistor. 

When  power  pentodes  and  beam 
power  tubes  are  operated  under  condi¬ 
tions  such  that  there  is  a  large  change 
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in  plate  and  screen-grid  currents  with 
the  application  of  signal,  the  series- 
resistor  method  of  obtaining  screen-grid 
voltage  should  not  be  used.  A  change 
in  screen-grid  current  appears  as  a 


Fig.  119 — Pentode  circuit  in  which  screen- 
grid  voltage  is  supplied  through  a  series 
resistor. 

change  in  the  voltage  drop  across  the 
series  resistor  in  the  screen-grid  circuit; 
the  result  is  a  change  in  the  power 
output  and  an  increase  in  distortion. 
The  screen-grid  voltage  should  be  ob¬ 
tained  from  a  point  in  the  plate-voltage- 
supply  filter  system  having  the  correct 
voltage,  or  from  a  separate  source. 

It  is  important  to  note  that  the 
plate  voltage  of  tetrodes,  pentodes,  and 
beam  power  tubes  should  be  applied 
before  or  simultaneously  with  the 
screen-grid  voltage.  Otherwise,  with 
voltage  on  the  screen  grid  only,  the 
screen-grid  current  may  rise  high 
enough  to  cause  excessive  screen-grid 
dissipation. 

Screen-grid  voltage  variation  for 
the  rf  amplifier  stages  has  sometimes 
been  used  for  volume  control  in  older- 
type  receivers.  Reduced  screen-grid  volt¬ 
age  decreases  the  transconductance  of 
the  tube  and  results  in  reduced  gain 
per  stage.  The  voltage  variation  is  ob¬ 
tained  by  means  of  a  potentiometer 
shunted  across  the  screen-grid  voltage 
supply.  (See  Fig.  118.)  When  the  screen- 
grid  voltage  is  varied,  it  must  never 
exceed  the  rating  of  the  tube.  This 
requirement  can  be  met  by  providing 
a  fixed  stop  on  the  potentiometer. 

Shielding 

In  high-frequency  stages  having 
high  gain,  the  output  circuit  of  each 
stage  must  be  shielded  from  the  input 
circuit  of  that  stage.  Each  high-fre- 
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quency  stage  also  must  be  shielded 
from  the  other  high-frequency  stages. 
Unless  shielding  is  employed,  undesired 
feedback  may  occur  and  may  produce 
many  harmful  effects  on  receiver  per¬ 
formance. 

To  prevent  this  feedback,  it  is  a 
desirable  practice  to  shield  separately 
each  unit  of  the  high-frequency  stages. 
For  instance,  in  a  superheterodyne  re¬ 
ceiver,  each  if  and  rf  coil  may  be 
mounted  in  a  separate  shield  can. 
Baffle  plates  may  be  mounted  on  the 
ganged  tuning  capacitor  to  shield  each 
section  of  the  capacitor  from  the  other 
section.  The  oscillator  coil  may  be  es¬ 
pecially  well  shielded  by  being  mounted 
under  the  chassis. 

The  shielding  precautions  required 
in  a  receiver  depend  on  the  design  of 
the  receiver  and  the  layout  of  the  parts. 
In  all  receivers  having  high-gain  high- 
frequency  stages,  it  is  necessary  to 
shield  separately  each  tube  in  high- 
frequency  stages.  When  metal  tubes, 
and  in  particular  the  single-ended  types, 
are  used,  complete  shielding  of  each 
tube  is  provided  by  the  metal  shell 
which  is  grounded  through  its  ground¬ 
ing  pin  as  the  socket  terminal.  The 
grounding  connection  should  be  short 
and  sturdy.  Many  modern  tubes  of  glass 
construction  have  internal  shields,  us¬ 
ually  connected  to  the  cathode;  where 
present,  these  shields  are  indicated  in 
the  socket  diagram. 

Dress  of  Circuit  Leads 

At  high  frequencies  such  as  are  en¬ 
countered  in  FM  and  television  re¬ 
ceivers,  lead  dress,  that  is,  the  location 
and  arrangement  of  the  leads  used  for 
connections  in  the  receiver,  is  very  im¬ 
portant.  Because  even  a  short  lead 
provides  a  large  impedance  at  high  fre¬ 
quencies,  it  is  necessary  to  keep  all 
high-frequency  leads  as  short  as  pos¬ 
sible.  This  precaution  is  especially  im¬ 
portant  for  ground  connections  and  for 
all  connections  to  bypass  capacitors 
and  high-frequency  filter  capacitors. 
The  ground  connections  of  plate  and 
screen-grid  bypass  capacitors  of  each 
tube  should  be  kept  short  and  made 
directly  to  cathode  ground. 


Particular  care  should  be  taken 
with  the  lead  dress  of  the  input  and 
output  circuits  of  high-frequency  stages 
so  that  the  possibility  of  stray  coupling 
is  minimized.  Unshielded  leads  con¬ 
nected  to  shielded  components  should 
be  dressed  close  to  the  chassis.  As  the 
frequency  increases,  the  need  for  care¬ 
ful  lead  dress  becomes  increasingly 
important. 

In  high-gain  audio  amplifiers,  these 
same  precautions  should  be  taken  to 
minimize  the  possibility  of  self-oscilla¬ 
tion. 

Filters 

Feedback  effects  also  are  caused  in 
radio  or  television  receivers  by  coupling 
between  stages  through  common  volt¬ 
age-supply  circuits.  Filters  find  an  im¬ 
portant  use  in  minimizing  such  effects. 
They  should  be  placed  in  voltage-supply 
leads  to  each  tube  in  order  to  return 
the  signal  current  through  a  low-im¬ 
pedance  path  direct  to  the  tube  cathode 
rather  than  by  way  of  the  voltage- 
supply  circuit.  Fig.  120  illustrates  several 
forms  of  filter  circuits.  Capacitor  C 
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forms  the  low-impedance  path,  while 
the  choke  or  resistor  assists  in  diverting 
the  signal  through  the  capacitor  by 
offering  a  high  impedance  to  the  power- 
supply  circuit. 

The  choice  between  a  resistor  and 
a  choke  depends  chiefly  upon  the  per¬ 
missible  dc  voltage  drop  through  the 
filter.  In  circuits  where  the  current  is 
small  (a  few  milliamperes),  resistors  are 
practical;  where  the  current  is  large  or 
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regulation  important,  chokes  are  more 
suitable. 

The  minimum  practical  size  of  the 
capacitors  may  be  estimated  in  most 
cases  by  the  following  rule:  The  imped¬ 
ance  of  the  capacitor  at  the  lowest  fre¬ 
quency  amplified  should  not  be  more 
than  one-fifth  of  the  impedance  of  the 
filter  choke  or  resistor  at  that  frequency. 
Better  results  will  be  obtained  in  special 
cases  if  the  ratio  is  not  more  than  one- 
tenth. 

Radio-frequency  circuits,  particu¬ 
larly  at  high  frequencies,  require  high- 
quality  capacitors.  Mica  or  ceramic  ca¬ 
pacitors  are  preferable.  Where  stage 
shields  are  employed,  filters  should  be 
placed  within  the  shield. 

Another  important  application  of 
filters  is  to  smooth  the  output  of  a 
rectifier  tube.  (See  Rectification.)  A 
smoothing  filter  usually  consists  of  ca¬ 
pacitors  and  iron-core  chokes.  In  any 
filter-design  problem,  the  load  imped¬ 
ance  must  be  considered  as  an  integral 
part  of  the  filter  because  the  load  is 
an  important  factor  in  filter  perform¬ 
ance.  Smoothing  effect  is  obtained  from 
the  chokes  because  they  are  in  series 
with  the  load  and  offer  a  high  imped¬ 
ance  to  the  ripple  voltage.  Smoothing 
effect  is  obtained  from  the  capacitors 
because  they  are  in  parallel  with  the 
load  and  store  energy  on  the  voltage 
peaks;  this  energy  is  released  on  the 
voltage  dips  and  serves  to  maintain 
the  voltage  at  the  load  substantially 
constant.  Smoothing  filters  are  clas¬ 
sified  as  choke-input  or  capacitor-input 
according  to  whether  a  choke  or  ca¬ 
pacitor  is  placed  next  to  the  rectifier 
tube.  (See  Fig.  121.) 

The  Circuits  section  gives  a  num¬ 
ber  of  examples  of  rectifier  circuits 
with  recommended  filter  constants. 
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If  an  input  capacitor  is  used,  con¬ 
sideration  must  be  given  to  the  instan¬ 
taneous  peak  value  of  the  ac  input  volt¬ 
age.  This  peak  value  is  about  1.4  times 
the  rms  value  as  measured  by  an  ac 
voltmeter.  Filter  capacitors,  therefore, 
especially  the  input  capacitor,  should 
have  a  rating  high  enough  to  withstand 
the  instantaneous  peak  value  if  break¬ 
down  is  to  be  avoided.  When  the  input- 
choke  method  is  used,  the  available  dc 
output  voltage  will  be  somewhat  lower 
than  with  the  input-capacitor  method 
for  a  given  ac  plate  voltage.  However, 
improved  regulation  together  with  lower 
peak  current  will  be  obtained. 

Mercury-vapor  and  gas-filled  recti¬ 
fier  tubes  occasionally  produce  a  form 
of  local  interference  in  radio  receivers 
through  direct  radiation  or  through  the 
power  line.  This  interference  is  gen¬ 
erally  identified  in  the  receiver  as  a 
broadly  tunable  120-Hz  buzz  (100 
Hz  for  50-Hz  supply  line,  etc.). 
It  is  usually  caused  by  the  formation 
of  a  steep  wave  front  when  plate  cur¬ 
rent  within  the  tube  begins  to  flow  on 
the  positive  half  of  each  cycle  of  the  ac 
supply  voltage. 

There  are  several  ways  of  elimi¬ 
nating  this  type  of  interference.  One  is 
to  shield  the  tube.  Another  is  to  insert 
an  rf  choke  having  an  inductance  of 
one  millihenry  or  more  between  each 
plate  and  transformer  winding  and  to 
connect  high-voltage,  rf  bypass  capaci¬ 
tors  between  the  outside  ends  of  the 
transformer  winding  and  the  center 
tap.  (See  Fig.  122.)  The  rf  chokes  should 
be  placed  within  the  shielding  of  the 
tube.  The  rf  bypass  capacitors  should 
have  a  voltage  rating  high  enough  to 
withstand  the  peak  voltage  of  each  half 
of  the  secondary,  which  is  approxi¬ 
mately  1.4  times  the  rms  value. 
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Fig,  121 — Typical  smoothing  filters  for  rectifier  tubes . 
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Fig.  122 — Filter  circuit  used  to  eliminate 
interference  produced  by  mercury-vapor  or 
gas-filled  rectifier  tubes. 


Transformers  having  electrostatic 
shielding  between  primary  and  second¬ 
ary  are  not  likely  to  transmit  rf  disturb¬ 
ances  to  the  line.  Often  the  interference 
may  be  eliminated  simply  by  making 
the  plate  leads  of  the  rectifier  extremely 
short.  In  general,  the  particular  method 
of  interference  elimination  must  be  se¬ 
lected  by  experiment  for  each  instal¬ 
lation. 

Output  Coupling  Devices 

An  output-coupling  device  is  used 
in  the  plate  circuit  of  a  power  output 
tube  to  keep  the  comparatively  high  dc 
plate  current  from  the  winding  of  an 
electromagnetic  speaker  and,  also,  to 
transfer  power  efficiently  from  the  out¬ 
put  stage  to  a  loudspeaker  of  either  the 
electromagnetic  or  dynamic  type. 

Output-coupling  devices  are  of  two 
tj'pes,  (1)  choke-capacitor  and  (2)  trans¬ 
former.  The  choke-capacitor  type  in¬ 
cludes  an  iron-core  choke  having  an 
inductance  of  not  less  than  10  henries 
which  is  placed  in  series  with  the  plate 
and  B -supply.  The  choke  offers  a  very 
low  resistance  to  the  dc  plate  current 
component  of  the  signal  voltage  but  op¬ 
poses  the  flow  of  the  fluctuating  com¬ 
ponent.  A  bypass  capacitor  of  2  to  6 
microfarads  supplies  a  path  to  the 
speaker  winding  for  the  signal  voltage. 
The  choke-coil  output  coupling  device, 
however,  is  now  only  of  historical 
interest. 

The  transformer  type  is  constructed 
with  two  separate  windings,  a  primary 
and  a  secondary  wound  on  an  iron  core. 
This  construction  permits  designing 
each  winding  to  meet  the  requirements 
of  its  position  in  the  circuit.  Typical 


arrangements  of  each  type  of  coupling 
device  are  shown  in  Fig.  123.  Examples 
of  transformers  for  push-pull  stages  are 
shown  in  several  of  the  circuits  given 
in  the  Circuits  section. 
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High-Fidelity  Systems 

The  results  achieved  from  any 
high-fidelity  amplifier  system  depend  to 
a  large  degree  upon  the  skill  and  care 
with  which  the  system  is  constructed. 
Improper  placement  of  transformers, 
other  components,  and  wiring,  and  at¬ 
tempts  to  achieve  excessive  compact¬ 
ness,  can  only  result  in  instability, 
oscillation,  hum,  and  other  operating 
difficulties,  as  well  as  in  damage  to 
components  by  overheating.  It  is  im¬ 
portant,  therefore,  that  construction  of 
high-fidelity  amplifier  systems  be  under¬ 
taken  only  by  persons  who  have  had 
some  experience  in  the  layout,  mechan¬ 
ical  construction,  and  wiring  of  audio 
equipment. 

It  is  impractical  to  give  specific 
construction  data  for  various  amplifiers 
and  supplementary  units  because  the 
best  arrangement  for  each  unit  or  com¬ 
bination  of  units  will  depend  on  the 
requirements  of  the  user.  It  is  possible, 
however,  to  list  some  general  consid¬ 
erations  which  should  be  observed  in 
the  construction  of  any  high-fidelity 
amplifier  system. 

Any  amplifier  having  two  or  more 
stages  should  be  constructed  with  a 
straight-line  layout  so  that  maximum 
separation  is  provided  between  the 
signal  input  and  output  circuits  and  ter¬ 
minals.  Power-supply  connections,  par¬ 
ticularly  those  carrying  ac,  should  be 
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isolated  as  far  as  possible  from  signal 
connections,  especially  from  the  input 
connection.  Signal-carrying  conductors, 
even  when  shielded,  should  not  be 
cabled  together  with  power-supply  con¬ 
ductors.  Internal  wiring  for  ac-operated 
tube  heaters,  switches,  pilot-light  sock¬ 
ets,  and  other  devices,  should  be  twisted 
and  placed  flat  against  the  chassis.  All 
connections  to  the  ground  side  of  the 
circuit  in  each  unit  should  be  made  to 
a  common  bus  of  heavy  wire.  This  bus 
should  be  connected  to  the  chassis 
only  at  the  point  of  minimum  signal 
voltage,  i.e.,  at  the  signal-input  terminal 
of  the  unit. 

All  internal  wiring  that  carries  sig¬ 
nal  voltages  should  be  as  short  as  pos¬ 
sible,  and  as  far  as  possible  above  the 
chassis,  to  minimize  losses  at  the  higher 
audio  frequencies  due  to  stray  shunt 
capacitance.  All  connections  between 
units  should  be  made  with  shielded 
cable  having  a  capacitance  of  not  more 
than  30  picofarads  per  foot,  such  as 
Alpha  Type  1249  or  1704,  Belden  Type 
8401  or  8410,  or  equivalent  cable. 

Because  power  amplifiers  and  pow¬ 
er-supply  units  of  high-fidelity  systems 
normally  dissipate  large  amounts  of 
heat,  they  should  be  constructed  and 
installed  in  such  a  manner  as  to  assure 
adequate  ventilation  for  the  tubes  and 
other  components.  A  beam  power  tube 
or  rectifier  tube  should  be  separated 
from  any  other  tube  or  component  on 
the  same  side  of  the  chassis  by  at  least 
IVi  tube  diameters. 

Power  amplifiers  and  power-supply 
units  which  are  to  be  installed  horizon¬ 
tally  (i.e.,  with  the  tubes  vertical)  in 
cabinets  or  on  shelves  should  be  pro¬ 
vided  with  mounting  feet,  perforated 
bottom  covers,  and  a  number  of  small 
holes  around  each  tube  socket  to  permit 
relatively  cool  air  to  enter  from  below 
and  provide  ventilation  for  the  under 
side  of  the  chassis  and  tubes. 

If  a  power  amplifier,  tone-control 
amplifier,  and  one  or  more  pream¬ 
plifiers  are  to  be  constructed  on  the 
same  chassis,  the  mechanical  layout 
should  be  planned  so  that  the  circuits 
operating  at  the  lowest  signal  levels 
are  farthest  from  the  output  stage  and 
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power  supply.  Amplifier  units  which 
normally  operate  at  comparable  signal 
levels  but  are  not  used  simultaneously 
(such  as  preamplifiers  for  tape  pickup 
heads  and  magnetic  phonograph  pick¬ 
ups)  may  be  installed  side  by  side  on 
the  same  chassis  without  danger  of 
interaction.  Units  which  operate  si¬ 
multaneously,  however  (such  as  the 
channels  of  a  stereophonic  system), 
should  not  be  installed  side  by  side 
on  the  same  chassis  without  careful 
consideration  to  placement  of  com¬ 
ponents  and  wiring,  and  the  possible 
use  of  shielding  to  prevent  interaction. 

When  an  amplifier,  preamplifier, 
mixer,  or  other  unit  requiring  heater 
power  is  located  more  than  five  or  six 
feet  from  its  power-supply  unit,  the 
heater-current  conductors  in  the  power- 
supply  cable  must  be  large  enough  to 
assure  that  each  tube  receives  its  rated 
heater  voltage.  In  cases  where  very 
large  heater  currents  or  ^  very  long 
power-supply  cables  are  involved,  it 
may  be  desirable  to  install  a  heater- 
supply  transformer  on  or  near  the  am¬ 
plifier  unit.  If  such  a  transformer  is 
installed  on  or  near  a  preamplifier  for 
a  magnetic-tape  pickup  head,  a  mag¬ 
netic  phonograph  pickup,  or  a  dynamic 
microphone,  the  transformer  should 
be  completely  shielded  and  positioned 
to  prevent  its  field  from  inducing  hum 
in  the  pickup  device. 

High-Voltage  Considerations  for 
Television  Picture  Tubes 

Like  other  high-voltage  devices, 
television  picture  tubes  require  that  cer¬ 
tain  precautions  be  observed  to  mini¬ 
mize  the  possibility  of  failure  caused 
by  humidity,  dust,  and  corona. 

Humidity  Considerations.  When 
humidity  is  high,  a  continuous  film  of 
moisture  may  form  on  the  glass  bulb 
immediately  surrounding  the  anode  cav¬ 
ity  cap  of  all-glass  picture  tubes  or 
on  the  glass  part  of  the  envelope  of 
metal  picture  tubes.  This  film  may  per¬ 
mit  sparking  to  take  place  over  the 
glass  surface  to  the  external  conductive 
coating  or  to  the  metal  shell  Such 
sparking  may  introduce  noise  into  the 
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receiver.  To  prevent  such  a  possibility, 
the  uncoated  bulb  surface  around  the 
cap  and  the  glass  part  of  the  envelope 
of  metal  picture  tubes  should  be  kept 
clean  and  dry. 

Dust  Considerations.  The  accumu¬ 
lation  of  dust  on  the  uncoated  area  of 
the  bulb  around  the  anode  cap  of  all¬ 
glass  picture  tubes  or  on  the  glass  part 
of  the  envelope  or  insulating  supports 
for  metal  picture  tubes  will  decrease 
the  insulating  qualities  of  these  parts. 
The  dust  usually  consists  of  fibrous 
materials  and  may  contain  soluble  salts. 
The  fibers  absorb  and  retain  moisture; 
the  soluble  salts  provide  electrical  leak¬ 
age  paths  that  increase  in  conductivity 
as  the  humidity  increases.  The  resulting 
high  leakage  currents  may  overload  the 
high-voltage  power  supply. 

It  is  recommended,  therefore,  that 
the  uncoated  bulb  surface  of  all-glass 
picture  tubes  and  the  coated  glass  sur¬ 
face  and  insulating  supports  for  metal 
picture  tubes  be  kept  clean  and  free 
from  dust  or  other  contamination  such 
as  finger-prints.  The  frosted  Fiberglass 
faceplate  of  the  metal  picture  tubes 
may  be  cleaned  with  a  soapless  deter¬ 
gent,  such  as  Dreft,  then  rinsed  with 
clean  water,  and  immediately  dried. 

Corona  Considerations.  A  high- 
voltage  system  may  be  subject  to  co¬ 
rona,  especially  when  the  humidity  is 
high,  unless  suitable  precautions  are 
taken.  Corona,  which  is  an  electrical 
discharge  appearing  on  the  surface  of 
a  conductor  when  the  voltage  gradient 
exceeds  the  breakdown  value  of  air, 
causes  deterioration  of  organic  insulat¬ 
ing  materials  through  formation  of 
ozone,  and  induces  arc-over  at  points 
and  sharp  edges.  Sharp  points  or  other 
irregularities  on  any  part  of  the  high- 
voltage  system  may  increase  the  pos¬ 
sibility  of  corona  and  should  be  avoided. 

In  the  metal-shell  picture  tubes, 


the  metal  lip  at  the  maximum  diameter 
has  rounded  edges  to  prevent  corona. 
Adequate  spacing  between  the  lip  and 
any  grounded  element  in  the  receiver, 
or  between  the  small  end  of  the  metal 
shell  and  any  grounded  element,  should 
be  provided  to  preclude  the  possibility 
of  corona.  Such  spacing  should  not  be 
less  than  1  inch  of  air.  Similarly,  an 
air  space  of  1  inch,  or  equivalent, 
should  be  provided  around  the  body 
of  the  metal  shell.  As  a  further  pre¬ 
caution  to  prevent  corona,  the  deflect- 
ing-yoke  surface  on  the  end  adjacent 
to  the  shell  should  present  a  smooth 
electrical  surface  with  respect  to  the 
small  end  of  the  metal  shell  or  the 
anode  terminal  of  all-glass  tubes. 

Picture-Tube 
Safety  Considerations 

Tube  Handling.  Breakage  of  pic¬ 
ture  tubes,  which  contain  a  high  vac¬ 
uum,  may  result  in  injury  from  flying 
glass.  Do  not  strike  or  scratch  the  tube 
or  subject  it  to  more  than  moderate 
pressure  when  installing  it  in  or  remov¬ 
ing  it  from  electronic  equipment. 

High-Voltage  Precautions.  In  pic¬ 
ture-tube  circuits,  high  voltages  may 
appear  at  normally  low-potential  points 
in  the  circuit  because  of  capacitor 
breakdown  or  incorrect  circuit  connec¬ 
tions.  Therefore,  before  any  part  of 
the  circuit  is  touched  the  power-supply 
switch  should  be  turned  off,  the  power 
plug  disconnected,  and  both  terminals 
of  any  capacitors  grounded. 

X-Ray  Radiation  Precautions.  All 
types  of  picture  tubes  may  be  operated 
at  voltages  (if  ratings  permit)  up  to  16 
kilovolts  without  producing  harmful 
x-ray  radiation  or  danger  of  personal 
injury  on  prolonged  exposure  at  close 
range.  Above.  16  kilovolts,  special  x-ray 
shielding  precautions  may  be  necessary. 


91 


Interpretation 
of  Tube  Data 


THE  tube  data  given  in  the  follow¬ 
ing  Technical  Data  section  include 
ratings,  typical  operation  values,  char¬ 
acteristics,  and  characteristic  curves. 

The  values  for  grid-bias  voltages, 
other  electrode  voltages,  and  electrode 
supply  voltages  are  given  with  refer¬ 
ence  to  a  specified  datum  point  as  fol¬ 
lows:  For  types  having  filaments  heated 
with  dc,  the  negative  filament  terminal 
is  taken  as  the  datum  point  to  which 
other  electrode  voltages  are  referred. 
For  types  having  filaments  heated  with 
ac,  the  mid-point  (/.<?.,  the  center  tap 
on  the  filament-transformer  secondary, 
or  the  mid-point  on  a  resistor  shunting 
the  filament)  is  taken  as  the  datum 
point.  For  types  having  unipotential 
cathodes  indirectly  heated,  the  cathode 
is  taken  as  the  datum  point. 

Ratings  are  established  on  electron 
tube  types  to  help  equipment  designers 
utilize  the  performance  and  service  ca¬ 
pabilities  of  each  tube  type  to  best 
advantage.  Ratings  are  given  for  those 
characteristics  which  careful  study  and 
experience  indicate  must  be  kept  within 
certain  limits  to  insure  satisfactory  per¬ 
formance. 

Three  rating  systems  are  in  use  by 
fhe  electron-tube  industry.  The  oldest 
is  known  as  the  Absolute  Maximum 
system,  the  next  as  the  Design  Center 
system,  and  the  latest  and  newest  as  the 
Design  Maximum  system.  Definitions 
of  these  systems  have  been  formulated 
by  the  Joint  Electron  Device  Engineer¬ 
ing  Council  (JEDEC)  and  standardized 
by  the  National  Electrical  Manufactur¬ 
ers  Association  (NEMA)  and  the  Elec¬ 
tronic  Industries  Association  (EIA)  as 
follows: 


Absolute  Maximum  ratings  are 
limiting  values  which  should  not  be 
exceeded  with  any  tube  of  the  specified 
type  under  any  condition  of  operation. 
These  ratings  are  used  only  in  rare 
instances  for  receiving  types,  but  are 
generally  used  for  transmitting  and 
industrial  types. 

Design  Center  ratings  are  limiting 
values  which  should  not  be  exceeded 
with  a  tube  of  the  specified  type  having 
characteristics  equal  to  the  published 
values  under  normal  operating  condi¬ 
tions.  These  ratings,  which  include  al¬ 
lowances  for  normal  variations  in  both 
tube  characteristics  and  operating  con¬ 
ditions,  were  used  for  most  receiving 
tubes  prior  to  1957. 

Design  Maximum  ratings  are  lim¬ 
iting  values  which  should  not  be  ex¬ 
ceeded  with  a  tube  of  the  specified  type 
having  characteristics  equal  to  the  pub¬ 
lished  values  under  any  conditions  of 
operation.  These  ratings  include  allow¬ 
ances  for  normal  variations  in  tube 
characteristics,  but  do  not  provide  for 
variations  in  operating  conditions.  De¬ 
sign  Maximum  ratings  were  adopted 
for  receiving  tubes  in  1957. 

Electrode  voltage  and  current  rat¬ 
ings  are  in  general  self-explanatory,  but 
a  brief  explanation  of  other  ratings  will 
aid  in  the  understanding  and  interpre¬ 
tation  of  tube  data. 

Heater  warm-up  time  is  defined  as 
the  time  required  for  the  voltage  across 
the  heater  to  reach  80  per  cent  of  the 
rated  value  in  the  circuit  shown  in  Fig. 
124.  The  heater  is  placed  in  series  with  a 
resistance  having  a  value  3  times  the 
nominal  heater  operating  resistance 
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(R  s=-  3  Ef/If),  and  a  voltage  having  a 
value  4  times  the  rated  heater  voltage 
(V  =  4  Ei)  is  then  applied.  The  warm¬ 
up  time  is  determined  when  E  =  0.8  Ef. 


£f  =  RATED  HEATER  VOLTAGE 
If a  RATED  HEATER  CURRENT 


Fig.  124 — Test  circuit  for  measuring  heater 
warm-up  time . 

Plate  dissipation  is  the  power  dissi¬ 
pated  in  the  form  of  heat  by  the  plate 
as  a  result  of  electron  bombardment. 
It  is  the  difference  between  the  power 
supplied  to  the  plate  of  the  tube  and  the 
power  delivered  by  the  tube  to  the  load. 

Peak  heater-cathode  voltage  is  the 
highest  instantaneous  value  of  voltage 
that  a  tube  can  safely  stand  between  its 
heater  and  cathode.  This  rating  is  ap¬ 
plied  to  tubes  having  a  separate  cathode 
terminal  and  used  in  applications  where 
excessive  voltage  may  be  introduced  be¬ 
tween  heater  and  cathode. 

Maximum  dc  output  current  is  the 
highest  average  plate  current  which  can 
be  handled  continuously  by  a  rectifier 
tube.  Its  value  for  any  rectifier  tube 
type  is  based  on  the  permissible  plate 
dissipation  of  that  type.  Under  operat¬ 
ing  conditions  involving  a  rapidly  re¬ 
peating  duty  cycle  (steady  load),  the 
average  plate  current  may  be  measured 
with  a  dc  meter. 

The  nomograph  shown  in  Fig.  125 
can  be  used  to  determine  tube  voltage 
drop  or  plate  current  for  any  diode 
unit  when  values  for  a  single  plate- 
voltage,  plate-current  condition  are 
available  from  the  data.  It  can  also  be 
used  to  compare  the  relative  perveance 
(G  =Tb/Eb 3/2)  of  several  diodes.  Perve- 
aece  can  be  considered  a  figure  of  merit 
for  diodes;  high-perveance  units  have 


lower  voltage  drop  at  a  fixed  current 
level. 

Tube  voltage  drop  or  plate  current 
for  a  specific  diode  unit  can  be  deter¬ 
mined  as  follows:  First,  convenient  val¬ 
ues  are  selected  for  the  plate-voltage 
and  plate-current  scales  of  the  nomo¬ 
graph.  The  published  plate-current  and 
plate-voltage  values  are  then  located  on 
the  scales  and  connected  with  a  straight 
edge.  The  intersection  of  the  connect¬ 
ing  line  with  the  perveance  scale  is  then 
used  as  a  pivot  point  to  determine  the 
value  of  tube  voltage  drop  correspond¬ 
ing  to  a  desired  current  value,  or  the 
value  of  plate  current  corresponding  to 
a  desired  tube  voltage  drop.  Because 
the  pivot  point  for  a  specific  diode 
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Fig,  125 — Diode  perveance  nomograph . 


unit  represents  its  perveance,  the  pivot 
points  for  several  units  (plotted  to  the 
same  scales)  can  be  used  to  compare 
their  relative  perveance. 


Interpretation  of  Tube  Data 

For  example,  type  5U4GB  has  a 
tube  voltage  drop  (per  plate)  of  44  volts 
at  a  plate  current  of  225  milliamperes. 
Convenient  scales  for  this  type  are  from 
1  to  100  volts  for  plate  voltage  and 
from  10  to  1000  milliamperes  for  plate 
current  The  points  44  volts  and  225 
milliamperes  are  then  connected  with  a 
straight  line  to  determine  the  pivot 
point.  Using  this  pivot  point,  it  is  easy 
to  determine  such  values  as  a  plate 
current  of  150  milliamperes  at  a  tube 
voltage  drop  of  33  volts,  or  a  voltage 
drop  of  25  for  a  current  of  100  mil¬ 
liamperes. 

For  readings  in  the  order  of  one 
volt  and/or  one  milliampere,  the  nomo¬ 
graph  is  not  accurate  because  of  the 
effects  of  contact  potential  and  initial 
electron  velocity. 

Maximum  peak  plate  current  is 
the  highest  instantaneous  plate  current 
that  a  tube  can  safely  carry  recurrently 
in  the  direction  of  normal  current  flow. 
The  safe  value  of  this  peak  current  in 
hot-cathode  types  of  rectifier  tubes  is  a 
function  of  the  electron  emission  avail¬ 
able  and  the  duration  of  the  pulsating 
current  flow  from  the  rectifier  tube  in 
each  half-cycle. 

The  value  of  peak  plate  current  in 
a  given  rectifier  circuit  is  largely  deter¬ 
mined  by  filter  constants.  If  a  large 
choke  is  used  at  the  filter  input,  the 
peak  plate  current  is  not  much  greater 
than  the  load  current;  but  if  a  large 
capacitor  is  used  as  the  filter  input,  the 
peak  current  may  be  many  times  the 
load  current.  In  order  to  determine 
accurately  the  peak  plate  current  in  any 
rectifier  circuit,  measure  it  with  a  peak- 
indicating  meter  or  use  an  oscillograph. 

Maximum  peak  inverse  plate  volt¬ 
age  is  the  highest  instantaneous  plate 
voltage  which  the  tube  can  withstand 
recurrently  in  the  direction  opposite  to 
that  in  which  it  is  designed  to  pass  cur¬ 
rent.  For  mercury-vapor  tubes  and  gas- 
filled  tubes,  it  is  the  safe  top  value  to 
prevent  arc-back  in  the  tube  operating 
within  the  specified  temperature  range. 

Referring  to  Fig.  126,  when  plate  A 
of  a  full-wave  rectifier  tube  is  positive, 
current  flows  from  A  to  C,  but  not  from 
B  to  C,  because  B  is  negative.  At  the 


93 

instant  plate  A  Is  positive,  the  filament 
is  positive  (at  high  voltage)  with  respect 
to  plate  B.  The  voltage  between  the 
positive  filament  and  the  negative  plate 
B  is  in  inverse  relation  to  that  causing 
current  flow.  The  peak  value  of  this 
voltage  is  limited  by  the  resistance  and 
nature  of  the  path  between  plate  B  and 
filament.  The  maximum  value  of  this 
voltage  at  which  there  is  no  danger  of 
breakdown  of  the  tube  is  known  as 
maximum  peak  inverse  voltage. 


Fig.  126— Schematic  diagram  of  full-wave 
rectifier  tube  and  circuit  connections* 


The  relations  between  peak  inverse 
voltage,  rms  value  of  ac  input  voltage, 
and  dc  output  voltage  depend  largely 
on  the  individual  characteristics  of  the 
rectifier  circuit  and  the  power  supply. 
The  presence  of  line  surges  or  any 
other  transient,  or  wave-form  distortion, 
may  raise  the  actual  peak  voltage  to  a 
value  higher  than  that  calculated  for 
sine-wave  voltages.  Therefore,  the  actual 
inverse  voltage,  and  not  the  calculated 
value,  should  be  such  as  not  to  exceed 
the  rated  maximum  peak  inverse  volt¬ 
age  for  the  rectifier  tube.  A  calibrated 
cathode-ray  oscillograph  or  a  peak- 
indicating  electronic  voltmeter  is  useful 
in  determining  the  actual  peak  inverse 
voltage. 

In  single-phase,  full-wave  circuits 
with  sine-wave  input  and  with  no  ca¬ 
pacitor  across  the  output,  the  peak  in¬ 
verse  voltage  on  a  rectifier  tube  is  ap¬ 
proximately  L4  times  the  rms  value  of 
the  plate  voltage  applied  to  the  tube. 
In  single-phase,  half-wave  circuits  with 
sine-wave  input  and  with  capacitor  in¬ 
put  to  the  filter,  the  peak  inverse  volt¬ 
age  may  be  as  high  as  2.8  times  the 
rms  value  of  the  applied  plate  voltage. 
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In  polyphase  circuits,  mathematical  de¬ 
termination  of  peak  inverse  voltage  re¬ 
quires  the  use  of  vectors. 

The  Rating  Chart  for  full-wave 
rectifiers  presents  graphically  the  rela¬ 
tionships  between  maximum  ac  voltage 
input  and  maximum  dc  output  current 
derived  from  the  fundamental  ratings 
for  conditions  of  capacitor-input  and 
choke-input  filters.  This  graphical  pres¬ 
entation  provides  for  considerable  lati¬ 
tude  in  choice  of  operating  conditions. 

The  Operation  Characteristics  for 
a  full-wave  rectifier  with  capacitor-input 
filter  show  by  means  of  boundary  line 
the  limiting  current  and  voltage  rela¬ 
tionships  presented  in  the  Rating  Chart. 

The  Operation  Characteristics  for 
a  full-wave  rectifier  with  choke-input 
filter  not  only  show  by  means  of  bound¬ 
ary  line  the  limiting  current  and  volt¬ 
age  relationships  presented  in  the  Rating 
Chart,  but  also  give  some  information 
as  to  the  effect  on  regulation  of  various 
sizes  of  chokes.  The  solid-line  curves 
show  the  dc  voltage  outputs  which 
would  be  obtained  if  the  filter  chokes 
had  infinite  inductance.  The  long-dash 
lines  radiating  from  the  zero  position 
are  boundary  lines  for  various  sizes  of 
chokes  as  indicated.  The  intersection  of 
one  of  these  lines  with  a  solid-line 
curve  indicates  the  point  on  the  curve 
at  which  the  choke  no  longer  behaves 
as  though  it  had  infinite  inductance. 
To  the  left  of  the  choke  boundary  line, 
the  regulation  curves  depart  from  the 
solid-line  curves  as  shown  by  the  rep¬ 
resentative  short-dash  regulation  curves. 

Typical  Operation  Values.  Values 
for  typical  operation  are  given  for  many 
types  in  the  Technical  Data  section. 
These  typical  operating  values  are  given 
to  show  concisely  some  guiding  infor¬ 
mation  for  the  use  of  each  type.  These 
values  should  not  be  confused  with 
ratings,  because  a  tube  can  be  used 
under  any  suitable  conditions  within 
its  maximum  ratings,  according  to  the 
application. 

The  power  output  value  for  any 
operating  condition  is  an  approximate 


tube  output — that  is,  plate  input  minus 
plate  loss.  Circuit  losses  must  be  sub¬ 
tracted  from  tube  output  in  order  to 
determine  the  useful  output. 

Characteristics  are  covered  in  the 
Electron  Tube  Characteristics  section 
and  such  data  should  be  interpreted  in 
accordance  with  the  definitions  given 
in  that  section.  Characteristic  curves 
represent  the  characteristics  of  an  aver¬ 
age  tube.  Individual  tubes,  like  any 
manufactured  product,  may  have  char¬ 
acteristics  that  range  above  or  below 
the  values  given  in  the  characteristic 
curves. 

Although  some  curves  are  extended 
well  beyond  the  maximum  ratings  of  the 
tube,  this  extension  has  been  made  only 
for  convenience  in  calculations.  Do 
NOT  operate  a  tube  outside  of  its 
maximum  ratings. 

Interelectrode  capacitances  are  di¬ 
rect  capacitances  measured  between 
specified  elements  or  groups  of  elements 
in  electron  tubes.  Unless  otherwise  indi¬ 
cated  in  the  data,  all  capacitances  are 
measured  with  filament  or  heater  cold, 
with  no  direct  voltages  present,  and  with 
no  external  shields.  All  electrodes  other 
than  those  between  which  capacitance 
is  being  measured  are  grounded.  In 
twin  or  multi-unit  types,  inactive  units 
are  also  grounded. 

The  capacitance  between  the  input 
electrode  and  all  other  electrodes,  ex¬ 
cept  the  output  electrode,  connected 
together  is  commonly  known  as  the 
input  capacitance.  The  capacitance 
between  the  output  electrode  and  all 
other  electrodes,  except  the  input  elec¬ 
trode,  connected  together  is  known  as 
the  output  capacitance. 

Hum  and  noise  characteristics  of 
high-fidelity  audio  amplifier  tube  types 
such  as  the  7025  and  the  7199  are  tested 
in  an  amplifier  circuit  such  as  that 
shown  in  Fig.  127.  The  output  of  the 
test  circuit  is  fed  into  a  low-noise  am¬ 
plifier.  The  bandwidth  of  this  amplifier 
depends  on  the  characteristic  being 
measured.  If  hum  alone  is  being  tested, 
a  relatively  narrow  bandwidth  is  used 
to  include  both  the  line  frequency  and 
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the  major  harmonics  generated  by  the 
tube  under  test.  In  noise  or  combina¬ 
tion  hum-and-noise  measurements,  the 
bandwidth  is  defined  in  the  registration 
of  the  tube  type. 


Fig.  127 — Test  circuit  for  measuring  hum 
and  noise  characteristics  of  high-fidelity 
audio-amplifier  tubes. 

The  amplifier  gain  is  calibrated  so 
that  the  vacuum-tube  voltmeter  meas¬ 
ures  hum  and  noise  in  microvolts  refer¬ 
enced  to  the  grid  of  the  tube  under  test. 
A  pentode  can  also  be  evaluated  in 
this  manner  by  the  addition  of  a  screen- 
grid  supply  adequately  bypassed  at  the 
tube  screen-grid  pin  connection.  Power- 
supply  ripple  at  the  plate  of  the  tube 
under  test  must  be  negligible  compared 
to  its  hum  and  noise  output.  Extraor¬ 
dinary  shielding  of  both  the  test  socket 
and  the  associated  operating  circuit  is 
required  to  minimize  capacitances  be¬ 
tween  heater  leads  and  high-impedance 
connections. 

The  test-circuit  components  are  de¬ 
termined  by  the  tube  type  being  tested 
and  the  type  of  hum  to  be  controlled. 
Heater-cathode  hum  can  be  eliminated 
from  the  measurement  by  closing  the 
switch  S.  The  circuit  can  also  be  made 
more  or  less  sensitive  to  heater-grid 
hum  by  increasing  or  decreasing  the 
grid  resistance  Rg.  No  circuit  changes 
affect  the  component  of  magnetic  hum 
generated  by  the  tube. 

Grid-No.  2  (Screen-grid)  Input  is 
the  power  applied  to  the  grid-No.  2 
electrode  and  consists  essentially  of  the 
power  dissipated  in  the  form  of  heat 
by  grid  Np.  2  as  a  result  of  electron 
bombardment.  With  tetrodes  and  pent¬ 
odes,  the  power  dissipated  in  the  screen- 


grid  circuit  is  added  to  the  power  in 
the  plate  circuit  to  obtain  the  total 
B-supply  input  power. 

When  the  screen-grid  voltage  is 
supplied  through  a  series  voltage-drop¬ 
ping  resistor,  the  maximum  screen-grid 
voltage  rating  may  be  exceeded,  pro¬ 
vided  the  maximum  screen-grid  dissipa¬ 
tion  rating  is  not  exceeded  at  any 
signal  condition,  and  the  maximum 
screen-grid  voltage  rating  is  not  ex¬ 
ceeded  at  the  maximum-signal  condi¬ 
tion.  Provided  these  conditions  are 
fulfilled,  the  screen-grid  supply  voltage 
may  be  as  high  as,  but  not  above,  the 
maximum  plate  voltage  rating. 

For  certain  voltage  amplifier  types, 
as  listed  in  the  data  section,  the  maxi¬ 
mum  permissible  screen-grid  (grid-No. 
2)  input  varies  with  the  screen-grid 
voltage,  as  shown  in  Fig.  128.  (This 
curve  cannot  be  assumed  to  apply  to 
types  other  than  those  for  which  it  is 
specified  in  the  data  section.)  Full  rated 
screen-grid  input  is  permissible  at 
screen-grid  voltages  up  to  50  per  cent 
of  the  maximum  rated  screen-grid  sup¬ 
ply  voltage.  From  the  50-per-cent  point 
to  the  full  rated  value  of  supply  volt¬ 
age,  the  screen -grid  input  must  be  de¬ 
creased.  The  decrease  in  allowable 
screen-grid  input  follows  a  curve  of  the 
parabolic  form.  This  rating  chart  is 
useful  for  applications  utilizing  either 
a  fixed  screen-grid  voltage  or  a  series 
screen-grid  voltage -dropping  resistor. 
When  a  fixed  voltage  is  used,  it  is 
necessary  only  to  determine  that  the 
screen-grid  input  is  within  the  bound¬ 
ary  of  the  operating  area  on  the  chart 
at  the  selected  value  of  screen-grid 
voltage  to  be  used.  When  a  voltage- 
dropping  resistor  is  used,  the  minimum 
value  of  resistor  that  will  assure  tube 
operation  within  the  boundary  of  the 
curve  can  be  determined  from  the  fol¬ 
lowing  relation: 


R«2 


> 


EcS  (Eccli — E<>a) 
P«a 


where  Rg3  is  the  minimum  value  for 
the  voltage-dropping  resistor  in  ohms, 
Eca  is  the  selected  screen-grid  voltage 
in  volts,  Eeca  is  the  screen-grid  supply 
voltage  in  volts,  and  Pca  is  the  screen- 
grid  input  in  watts  corresponding  to  Eca. 


GRID-NS2  INPUT  EXPRESSED  AS  PER  CENT  OF 
MAX.  GR!D-NS2  INPUT  RATING 
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Fig.  128 — Grid-No.  2  input  rating  curve. 


97 


Application  Guide 

lor  RCA  Receiving  Tubes 


In  the  Application  Guide  on  the 
following  pages,  RCA  receiving  tubes 
are  classified  in  two  ways:  (a)  by  func¬ 
tion,  and  (b)  by  structure  (diode,  triode, 
etc.).  The  functional  classification  covers 
42  principal  types  of  application,  as 
listed  below. 

Tube  types  are  grouped  by  struc¬ 
ture  under  each  classification;  they  are 
also  keyed  to  indicate  miniature,  octal, 
nuvistor,  duodecar,  and  novar  types. 

Triodes  are  designated  as  low , 
medium or  high-mu  types  on  the  fol¬ 
lowing  basis:  low,  less  than  10;  medium, 
10  or  more,  but  less  than  50;  high,  50 


or  more.  Where  applicable,  tubes  are 
designated  as  sharp-,  semiremote,  or 
remote-cutoff  on  the  basis  of  the  ratio, 
in  per  cent,  of  the  negative  control-grid 
voltage  to  the  screen-grid  voltage  (or, 
for  triodes,  the  plate  voltage)  for  cut¬ 
off,  as  given  in  the  characteristics  or 
typical  operation  values.  These  terms 
are  defined  as  follows:  sharp,  less  than 
10  per  cent;  semiremote,  10  or  more, 
but  less  than  20  per  cent,  remote ,  20 
per  cent  or  more. 

For  more  complete  data  on  these 
types,  refer  to  the  Technical  Data  For 
RCA  Receiving  Tubes, 


APPLICATIONS 


1.  Audio-Frequency 
Amplifiers 

2.  Automatic  Gain  Control 
(AGC  and  AVC)  Circuits 

3.  Bandpass  Amplifiers 
(Color  TV) 

4.  Biankers 

5.  Burst  Amplifiers 

6.  Cathode-Drive  8F  Am¬ 
plifiers  (Grounded-Grid) 

7.  Chroma  Amplifiers 

8.  Color  Killers 

9.  Color  Matrixing  Circuits 

10.  Complex-Wave 
Generators 

11.  Converters 

12.  Dampers 

13.  Demodulators  (Color  TV) 


14.  Detectors 

15.  DC  Restorers 

16.  Discriminators 

17.  Frequency  Dividers 

18.  FM  Detectors 

19.  Gated  Noise,  AGC,  and 
Sync  Amplifiers 

20.  Grounded-Grid  RF 
Amplifiers 

21.  Harmonic  Generators 

22.  Horizontal-Deflection 
Circuits 

23.  Intermediate-Frequency 
Amplifiers 

24.  Keyed  AGC  Amplifiers 

25.  Limiters 

26.  Mixers — RF 

27.  Mixer-Oscillators — RF 

28.  Multivibrators 


29.  Noise  Inverters 

(Noise  Immune  Circuits) 

30.  Oscillators 

31.  Phase  Inverters 

32.  Phase  Splitters 

33.  Radio-Frequency 
Amplifiers 

34.  Reactance  Circuits 

35.  Rectifiers 

36.  Regulators 

37.  Sync  Amplifiers 

38.  Sync  Clippers 

39.  Sync  Separators 

40.  Tuning  Indicators 

41.  Vertical-Deflection 
Circuits  (Oscillator  and 
Amplifier) 

42.  Video  Amplifiers 


1.  AUDIO-FREQUENCY 
AMPLIFIERS 

Voltage  Amplifiers 

Medium-Mu  Triode  with  Twin  Diode 
o  6BF6 


Medium-Mu  Triode — Sharp-Cutoff  Pentode 


•  6LQ8 

•  11LQ8 

*  7199f 

Medium-Mu 

Twin  Triode 

•  516 

•  7AU7 

©  12SN7GTA 

«  6J6A 

®  9AC7 

•  1916 

©  6SN7GTB 

*  17CU5 

«>  Miniature 


©  Octal 


f  For  high-fidelity  equipment 
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High-Mu  Triode  with  Twin  Diode 

1  Twin  Diode — High-Mu  Triode 

*  3AV6 

•  6BN8 

*  12AV6 

•  3AV6 

•  6AV6 

•  12AV6 

•  4AV6 

*  6CN7 

©  12SQ7 

•  4AV6 

•  6SQ7 

©  12SQ7 

*  6AT6 

©6S07 

•  14GT8 

•  6AT6 

•  12AT6 

•  18FY6A 

*  6A V6 

»  12AT6 

•  18FY6A 

Medium-Mu 

Triode — Sharp-Cutoff  Pentode 

High-Mu  Triode 

s  with  Triple  Diode 

■'•SANS 

*  6BA8A 

•  6GH8A 

*  STS 

•  6T8A 

*  19T8 

•  5GH8 

•  6BHS 

*  8BA8A 

•  6AN8A 

•  6CU8 

•  8BH8 

High-Mu  Twin 

Triode 

,  *  6AZ8 

•  6EU7t 

•  12AZ7A  : 

•  20EZ7 

High-Mu  Triode— -Sharp-Cutoff 

Pentode 

©  6SL7GT 

•  12BZ7 

•  7025f 

•  6AW8A 

•  63Y8 

•  8JV8 

*  12AX7Af 

©  12SL7GT 

•  6HF8 

•  8AW8A 

•  10HF8 

High-Mu  Triode — Sharp-Cutoff 

Pentode 

Sharp-Cutoff 

Twin  Pentode 

*  6XT8 

•  3BU8 

•  4808 

•  6808 

•  3GS8 

*  4HS8 

•  6HS8 

Sharp -Cutoff  Pentode 

•  3HSS 

•  3DT6A* 

*  6DT6A* 

•  5879t 

»  4DT6A* 
►  5GX«* 


•  6GX6* 

•  6HZ6* 


-  7543f 


Remote-Cutoff  Pentode  with  Diode 
*  12CR6 


3.  BANDPASS  AMPLIFIER 
(COLOR  TV) 

Mediiim-M^i  Triode — Sharp-Cutoff  Pentode 


Power  Amplifiers 


Beam  Power  Tube 
•  SAGS  ©  6HG5 

©  12W6GT 

•  5CZS 

©  6Ltf 

t  17BFU 

©  5V6GT 

©  OLOGCf 

•  17CU5 

t  6AD10 

©  6V6 

•  25C5 

•  6AQ5A 

©  6V6GTA 

•  25FSA 

•  6AS5 

©  6W6GT 

•  34GDSA 

f  6BF11 

©  6Y6G 

•  35C5 

•  6CM< 

•  12AB5 

©  35L6GT 

•  6CUS 

•  12AQS 

•  SOBS 

•  6CZ5 

i  12BFU 

•  50CS 

©  6DG6GT 

•  12CAS 

©  50L6GT 

•  6DS5 

•  12CU5/12C5 

•  6973f 

A  6GCS 

©  12V6GT 

©  7408f 

Beam  Power  Tube— Sharp-Cutoff  Pentode 


$  6  Ad  i 

$  10  ALU 

$  12  ALU 

Power  Pentode 

•  6BQ5 

•  8B05 

*  50EH5 

•  6EH5 

•  12EH5 

•  00FX5 

o  6F6 

•  12FX5 

•  7189f 

•  6GK6 

•  25EHS 

A  7868t 

©  6K6GT 

•  35EH5 

Pentode — Beam 

Power  Tube 

$  am 

$  6Z10 

$  13J10 

2*  AUTOMATIC  GAIN  CONTROL 
CIRCUITS  (AGC  &  AVC) 

Diode — Sharp-Cutoff  Pentode 

*  6KL8  •  12KL8 

Diode — Remote-Cutoff  Pentode 

*  6EQ7  •  12EQ7 


•  5GH8A  *  6HL8  •  6KT8 

•  6AW8A  *  6LF8  •  SAWS  A 

•  6GH8A 

Medium-Mil  Triode— Sharp-Cutoff  Pentode 


*  6AW8A  •  6KV8  *  8AW8A 

*  6KT8  * 6LF8 


4.  BL ANKERS 


Medium-Mu  Triode — Sharp-Cutoff  Pentode 

•  SGH8A  *  6GH8A 

Medium-Mu  Twin  Triode 

•  6FQ7  »  6GU7  *  12BH7A 

Medium-Mu  Triode— Semiremote-Cutoff 

•  6LM8 

High-Mu  Triode — Sharp-Cutoff  Pentode 

•  6KT8 

5,  BURST  AMPLIFIERS 

Beam-Deflection  Tube 

•  63H8 

Medium-Mu  Triode — Sharp-Cutoff  Pentode 

•  SEAS  ®  6EA8  *  6GH8A 

•  5GH8A 

Medium-Mu  Triode— Semi remote-Cutoff 
Pentode 

•  6LM8 

High-Mu  Triode  with  Twin  Diodes 

•  6BN8  *  8BN8 

Sharp-Cutoff  Pentode 

•  33C6A  •  4JC6A  •  6EW6 

•  4EWtf  *  5EW6  •  6JC6A 


Miniature  $  Duodecar  ©  Octal  *  Novar  *  Dual-control  grids  f  For  high-fidelity  equipment 
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6.  CATHODE-DRIVE  RF  AMPLI¬ 
FIERS  (GROUNDED-GRID) 
Medium-Mu  Triode 
•  6BC4 


Medium-Mu 

Twin  Triode 

•  4BC8 

*  5BK7A 

•  <VBQ7A 

•  4BQ7A 

• SBQ7A 

•  mm 

•  4BS8 

•  6BC8 

*  «BZ7 

•  4BZ7 

•  6BK7A 

High-Mu  Triode 

a  2CW4 

•  6Am 

a  msk 

a  2DS4 

A  6CW4 

a  J.3CW4 

High-Mu  Twin  Triode 

•  6DT8  •  12  ACTA  •  12DT8 

•  12AT7 


7.  CHROMA  AMPLIFIERS 

Medium-Mu  Triode~~3>barp-C«toff  Pentode 
®  5GH8A  •  6GH8A 

Medium-Mu  Triple  Triode 
a  6MD8 

Medium-Mu  Twin  Triode 
»  6FQ7/6CQ7  •  6GU7  •  X2BH7A 

8.  COLOR  KILLERS 

Quadruple  Diode 

•  6HJ8  *  dIU8A 

Medium-Mu  Triode — Sharp-Cutoff  Pentode  . 

•  5GH8A  •  6GH8A 

High-Mu  Triode — Sharp-Cutoff  Pentode 

•  6KT8 

9.  COLOR  MATR1XING  CIRCUITS 

Medium-Mu  Twin  Triode 

•  6CG7  •  6GU7  *  8FQ7 

•  6FQ7  •  8CG7  *  I2BH7A 

Medium-Mu  Triode — Sharp  Cutoff  Pentode 

•  5GH8A  *  6GH8A 

Twin  Pentode 

•  6LE8  •  IDLE#  •  15LE8 

Quadruple  Diode 

•  6JU8A 

10.  COMPLEX-WAVE 
GENERATORS 

High-Mu  Twin  Double-Plate  Triode 

•  12FQ8 

Sharp-Cutoff  Twin-Plate  Tetrode — Diode 

•  6FA7 


Sharp-Cutoff  Three-Plate  Tetrode— Diode 

•  6KM8 

Three-Plate  Tetrode — Medium-Mu  Triode 

•  6FH8 

11.  CONVERTERS 


Medium-Mu  Triode — Sharp-Cutoff  Pentode 


*  SEA8 

•  5X8 

*  mm 

*  5GH8 

•  6EA8 

•6U8A 

•  5KE8 

•  6GH8A 

•  8X8 

*  5U8 

«  6KE8 

*  19X8 

High-Mu  Twin 

Triode 

«  61>T8 
•  12AT7 

•  12AZ7A 

*  1.2DT8 

Sharp-Cutoff  Pentode 

*  3AU6 

•  6AU6A 

*  1SG-DCA, 

•  4AUd 

•  12AU0 

Pentagrid 

«  3BE6 

®  6SA7 

e  12SA7 

•  6BA7 

•  12BE6 

•  18FX6A 

•  6BE6 

12.  HAMPERS 


Half-Wave  (Diode) 


©  6AU4GTA 

A  6DW4B 

*  17BH3 

©  6AX4GTB 

©  6W4GT 

*  17BS3 

A  6AY3 

©  12AX4GTA 

*  17CK3 

*  6BA3 

©  12AX4GTB 

©  17D4 

A  6BH3 

*  12AY3 

©  17DE4 

A  6BS3 

^  12BS3 

©  19ALT4 

^  6CK3 

*  12CK3 

*  22BH3 

*  6CL3 

*  12CE3 

©  22DE4 

©6CQ4 

©  12D4 

©  25AX4GTA 

©  6DA4 

©  17AX4GTA 

*  17AY3 

©6DE4 
©  6DM4 

*  17AY3 

*  17BH3 

13.  DEMODULATORS  (COLOR  TV) 

Medium-Mu  Twin  Triode 

•  12BH7A 

Medium-Mu  Triode — Sharp-Cutoff  Pentode 

•  5GH8A  •  6GH8A 

High-Mil  Twin  Triode 

•  12AZ7A 


Sharp-Cutoff  Pentode 

•  3BY6  •  6GY6  •  6KZ* 

*  5HZ6 


Pentagrid  Amplifier 
«  6BY6  *  6JH8 


•  Miniature  ©  Octal 


a  Nnvfctor 


*  JNovar 
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Twin  Pentode 

•  6LE8  •  10LE8  •  15LE8 

Beam  Deflection  Tube 

•  6JH8 


14.  DETECTORS 

Diode — Sharp-Cutoff  Pentode 

*  5AM8  •  6AM8A 

*  5AS8  *  6AS8 

Diode — Remote-Cutoff  Pentode 


•  6CR6  »  12CR6  •  12EQ7 

•  6EQ7 

Twin  Diode 

•  3AL5  0  6H6  ©  12H6 

•  6AL5  »  12ALS 

Twin  Diode — High-Mu  Triode 

•  3AV6  •  6CN7  *  12AV6 

•  4AV6  ©  6SQ7  ©  12SQ7 

•  6AT6  •  8BN8  •  14GT8 

•  6AV6  •  12AT6  •  18FY6A 

•  6BN8 


Triple  Diode 

*  6BJ7 

Triple  Diode — High-Mu  Triode 
*5X8  *  6T8A 

Quadruple  Diode 

*  63U8  •  6JC8A 

Sharp-Cutoff  Pentode 

*  3DT6A*  •  5GX6*  •  6GX6* 

*  4DT6A*  *  6DT6A*  *  6HZ6* 


15.  DC  RESTORERS 

Diode — -Sharp-Cutoff  Pentode 

*  5AM 8  *  6AM8A  *  6AS8 

*  5AS8 

Triple  Diode 

*  mm 

16.  DISCRIMINATORS 

FM 

Twin  Diode 

*  3AL5  »  6AL5  »  12AL5 

Twin  Diode — High-Mu  Triode 

*  6BN8  •  14GT8 

Triple  Diode— High-Mu  Triode 

*  5T8  ®  6T8A  *  19T8 

Beam  Tube 

*  3BN6  ®  4BN6  •  6BN6 


Beam  Power  Tube — Sharp-Cutoff  Pentode 
%  6AL11  $  12 ALII  $  17BF11 

$  6BF11  $  12BFU 

Pentode — Beam  Power  Tube 
$  6110  $  6Z 10  $  13J10 

FM  Quadrature-Grid 

Sharp-Cutoff  Pentode 

•  3DT6A*  •  5GY6*  •  6GX6* 

•  4DT6A*  •  5HZ6*  •  6HZ6* 

•  5GX6*  *  6DT6A* 

Beam  Tube 

•  3BN6  *  4BN6  *  6BN6 

Horizontal  AFC 
Twin  Diode — High-Mu  Triode 
»  6BN8  *  8BN8  •  8CN7 

•  6CN7 

17.  FREQUENCY  DIVIDERS 

High-Mu  Twin  Double-Plate  Triode 

•  12FQ8 

18.  FM  DETECTORS 
(See  14.  Discriminators) 

19.  GATED  NOISE,  AGC,  AND 
SYNC  AMPLIFIERS 

High-Mu  Triode — Sharp-Cutoff  Pentode 

•  6KA8  •  8KA8  •  8E€8 

•  6LC8 

Sharp-Cutoff  Pentode 
»  6GY6* 

Sharp-Cutoff  Twin  Pentode 

•  3BU8  *  4BC8  *  6BU8 

•  3GS8  *  4HS8  « 6HS8 

•  3HS8 

Pentagrid  Amplifier 
• 3BY6  • 4CS6  • 6CS6 

•  3CS6  *  6BY6 

20.  GROUNDED-GRID  RF 
AMPLIFIERS 

(See  5.  Cathode-Drive  RF 
Amplifiers) 

21.  HARMONIC  GENERATORS 
(See  8.  Complex-Wave  Generators) 

22.  HORIZONTAL-DEFLECTION 
CIRCUITS 

Oscillators 

Medium-Mu  Triode — Sharp-Cutoff  Pentode 
®  5GH8A  *  6GH8A 


•  Miniature  ®  Octal  A  Nuvistor  A  Novar  *  Dual-control  grids  X  Duodecar 
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Medium-Mu  Twin  Triode 

•  6FQ7/6CG7 

•  8CG7 

*  12BH7A 

©  6SN7GTB 

•  9AU7 

©  12SN7GTA 

•  7AU7 

•  12AU7A 

Amplifiers 

Beam  Power  Tube 

©  6AU5GT 

4  6JG6A 

4  17GJ5A 

©  6AV5GA 

$  6JM6A 

4  17GT5 

©  6BG6G  A 

$  6JS6A 

©  17GW6/ 

©  6BQ6GTB/ 

4  6JT6 

17GW6B 

6CU6 

4  6JU6 

4  I7JB6 

©  6CB5A 

A  6KM6 

4  17JG6 

©  6CD6GA 

©  12AY5GA 

§  17JM6A 

©6DQS 

©  12BQ6GTB/ 

4  17JT6 

©  6DQ6B 

12CU6 

A  22JF6 

4  6GJ5 

©  12DQ6B 

4  22JG6 

4  6GT5 

4  12GT5 

4  24JE6A 

©  6GW6/ 

©  12GW6 

©  25AV5GA 

6DQ6B 

4  12JB6 

©  25BQ6GTB/ 

4  6JB6 

4  12JT6 

25CU6 

4  6JE6A 

©  17BQ6GTB 

©  25CD6GB 

4  6JF6 

©  17DQ6B 

©  25DN6 

4  6JG6 

4  17GJ5 

$  31JS6A 

23.  INTERMEDIATE-FREQUENCY 
AMPLIFIERS 

Medium-Mu  Triode — Sharp-Cutoff  Tetrode 


*  5CQ8 

•  6CQ8 

*  <>LQ8 

«  5GH8A 

•  6GH8A 

Medium-Mu 

Triode — Sharp-Cutoff  Pentode 

•  5AN8 

•  6AZ8 

•  6CC8 

«  6AN8A 

•  6BH8 

High-Mu  Triode — Sharp-Cutoff 

Pentode 

•  6AW8A 

•  6KV8 

•  10GN8 

e  6GN8 

•  8AW8A 

•  10HF8 

•  6HF8 

•  8GN8 

*  10JA8 

«  6JV8 
•  6KT8 

•  8JV8 

•  I1KV8 

Sharp-Cutoff 

Pentode 

*  3AU6 

*  4JC6A 

*  mK6 

•  3BC5 

•  4JD6® 

•  6EJ7 

«  3CB6 

«  5EW6 

®  6EW6 

«  3CF6 

®  6AG5 

•  6HS6 

«  3DK6 

*  6AK5 

®  6JC6A 

«  3JC6A 

•  6AU6A 

•  63D6» 

•  3JD6® 

®  6BC5 

»  I2AU6 

®  4AU6 

•  6CB6 

•  12AW6 

®  4CB6 

•  6CB6A 

*  12DK6 

«  4DE6 

•  6CF6 

•  18GB6A 

*  4DK6 

•  6DC6 

®  19HS6 

®  4EW6 

•  6BE6 

Sharp-Cutoff 

Pentode  with  Diode 

•  5AM8 

®  6AM8A 

•  6KL8 

•  5AS8 

•  6AS8 

•  12KL8 

*  Miniature 

©  Octal 
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Semiremote-Cutoff  Pentode 


•  3BZ6 

•  4KT6 

•  6HR6 

•  3EH7 

*  5GM6 

•  6JH6 

•  3KT6 

•  6BZ6 

*  6KT6 

•  4BZ6 

•  6EH7 

*  12BZ6 

•  4EH7 

•  4GM6 

«  6GM6 

*  19HR6 

Remote-Cutoff 

Pentode 

•  3BA6 

•  12BA6 

•  18FW6A 

•  6BA6 

•  18FW6 

Remote-Cutoff 

Pentode  with  Diode 

«  6EQ7 

•  12EQ7 

24.  KEYED  AGC  AMPLIFIERS 
(See  17.  Gated  Noise,  AGC,  and 

Sync  Amplifiers) 

25.  LIMITERS 

Beam  Tube 


•  3BN6 

•  4BN6 

*  6BN6 

Sharp-Cutoff  Pentode 

«  3AU6 

• 6AU6A 

•  6UX6 

•  4AU6 

•  6GX6 

•  12AU6 

•  5GX6 

•  6HS6 

•  I9HS6 

Sharp-Cutoff  Pentode  with  Diode 
®  6&L8  •  12KL8 

Power  Pentode — Beam  Power  Tube 
*6310  $<>Z10  $  13J10 


26.  MIXERS — RF 

Medium-Mu  Twin  Triode 

•  5J6  •  6J6A 

High-Mu  Triode 

a  2CW4  a  6CW4  A  1.3CW4 

•  6AB4 


27.  MIXER-OSCILLATORS — KF 

Medium-Mu  Triode — Sharp-Cutoff  Tetrode 
*  5CL8A  *  6CL8A  *  19CL8A 

«  5CQ8  *  6CQ8 


Medium-Mu  Triode — Sharp-Cutoff  Pentode 


®  4K.E8 

*  sm 

•  6KE8 

•  5AT8 

•  5X8 

®  6KZ8 

•  5B8 

®  6AT8A 

•  6U8A 

•  5BR8 

*  6BR8A 

•  6Z8 

®  5CG8 

*  6CG8A 

*  9EA8 

•  5EA8 

•  6EA8 

•  9EJ8 

*  5FG7 

♦  6FG7 

*  19EA8 

®  5KE8 

•  6HB7 

*  19X8 

High-Mu  Twin  Triode 

«  6DTS 

*  12AT7 

*  12DT8 

1  Approaches 

semlremote-cutoff 

characteristics: 

used  in  first-it  amplifier  applications 


. 
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28.  MULTIVIBRATORS 

Medium-Mu  Triode — Sharp-Cutoff  Pentode 

•  5GH8A  •  6GH8A 

Medium-Mu  Twin  Triode 

•  6CG7  •  8CG7  •  12BM7A 

•  6GU7  «  9AU7  ©  12SN7- 

0  6SN7GTB  ®  12AU7A  GTA 

•  7AU7 

High-Mu  Twin  Triode 

•  12AX7A 

29.  NOISE  INVERTERS  (NOISE 
IMMUNE  CIRCUITS) 

High-Mu  Triode — Sharp-Cutoff  Pentode 
®  6KA8  *  8&A8  *  8LC8 

•  6JLC8 

Sharp-Cutoff  Pentode 

•  6GY6* 

Quadruple  Diode 

•  6  JUBA 

30.  OSCILLATORS 

Radio  Frequency — UHF 

Medium-Mu  Triode 

•  2AF4B  *  3AF4A  • 6AF4A 

A  2DV4  *  3DZ4  A  6DV4 

»  2DZ4  *  6AF4  •  6DZ4 


31.  PHASE  INVERTERS 

Medium-Mu  Triode— High-Mu  Triode 
•  12DW7 


Medium-Mu  Twin  Triode 

•  6CG7  ®  8CG7  ®  12BH7A 

•  6GU7  *  9AU7  ©  12SN7- 

©  6SN7GT®  •  12AU7A  GTA 

•  7AU7 

High-Mu  Triode — Sharp-Cutoff  Pentode 

•  6AW8A  •  8AW8A  •  10GN8 

•  6EB8  ®  8EB8  •  10HF8 

•  6GN8  *  8GN8  •  10JA8 

•  6HF8 

High-Mu  Twin  Triode 
©  6SU7GT  o  12SL7GT  •  7025 

•  12AX7A 


32.  PHASE  SPLITTERS 

Medium-Mu  Triode — Sharp-Cutoff  Tetrode 
• 5CQ8  • 6CQ8 

Medium-Mu  Triode — Sharp-Cutoff  Pentode 

•  5AN8  •  6BA8A  •  8BA8A 

•  6AN8  *  6CH8  •  7199 

•  6AZ8  *  6CU8 

High-Mu  Triode — Sharp-Cutoff  Pentode 
®  6AW8A  *  SAWS  A 


Radio  Frequency — VHF 

Medium-Mu  Twin  Triode 

•  5J6  •  6J6A 

High-Mu  Triode 

•  6AB4 

Power  Triode 
®  6C4  (Class  C) 


33.  RADIO-FREQUENCY 
AMPLIFIERS 

Medium-Mu  Triode 

*  2BN4A  •  6BC4  •  6BN4A 

®  3BN4A 

Medium-Mu  Triode— -Sharp-Cutoff  Tetrode 

•  5CQ8  •  6CQ8 


3.58-MHz  (Color  TV) 

Medium-Mu  Triode — Sharp-Cutoff  Pentode 
®  5GH8A  •  6GII8A  *  6KT8 

Low  Frequency ,  Sweep  Type 

Medium-Mu  Triode— Sharp-Cutoff  Pentode© 

•  5AN8  *  6BA8A  •  8AU8 

•  6AN8A  •  6BH8  *  8BA8B 

•  6AU8A  *  6CH8  •  8BH8 

•  6AZ8 

High  Mu  Triode  with  Twin  Diode 
®  6BN8  •  8BN8  •  8CN7 

•  6CN7 


Medium-Mu  Twin  Triode 


•  4BC8  «  5BQ7A 

•  4BQ7A  *  5J6 

•  4BS8  *  6BC8 

•  4BZ7  *  6BK7B 

•  5BK7A  •  6BQ7A 


•  6BS8 

•  6BZ7 

•  6J6A 

•  12AV7 


High-Mu  Triode 

a  2CW4  •  3ER5  a  6DS4 

a  2DS4  •  3FH5  •  6ER5 

a  2EG4  •  3GK5  •  6FH5 

•  2ER5  •  3HM5/3HA5  •  6FQ5A 

•  2FH5  •  4GK5  •  6GK5 

•  2FQ5A  •  6AB4  •  6HM5/6HA5 

•  2GK5  a  6CW4  a  13CW4 


High-Mu  Twin  Triode 
•  12AX7A 


High-Mu  Twin  Triode 
«  6DT8  *  12AZ7A  •  12DT8 


•  Miniature 


©  Octal 


a  Nuvistor 
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Power  Triode 


*  6C4  (Class  C) 

-■  "M 


Sharp-Cutoff 

Tetrode 

'  -  -G:  «" 

•  2CY5 

•  4CTS 

•  3CY5 

•  6CY5 

Sharp-Cutoff 

Pentode 

•  3AU6 

•  6AR5- 

•  ®:6DE6  ! 

•  3BC5 

•  6AV6A 

e  6SH7  :  • 

*  3CB6 

•  6BC5 

©,6SJ7  ■ 

•  3CF6 

•  6BH6 

•  J.2AU6 

•  4AU6 

•  6CB6 

♦  J.2AW6 

•  4CB6 

»  6CR6A 

©  12SH7 

©4DE6 

•  6CF6 

©12SI7 

*  6AG5 

•  6DC6 

*  ISGDtfA 

Sharp-Cutoff 

Pentode  with 

Diode 

•  6KL8 

•  12KL8 

Remote-Cutoff  Pentode 

•  3BA6 

*  6B16 

«T2BA6 

•  6RA6 

©6SK7GT 

*  1SFW6A 

Remote-Cutoff  Pentode  with  Diode 
*  6EQ7  ,  ®  12EQ7  , 


34.  '  REACTANCE  CmCUUS- 

Medium-Mu  Trlode — Sharp-Cutoff  Pentode 

•  SANS  *  6BA8A  •  6C08 

•  6  ANSA  *  6CH8  *  SB  AS  A. 

•  6AZ8 

High-Mu  Triode  with  Twin  Diodes* 

•  6CN7  '  •  8CN7 

High-Mu  Triode — Sharp-Cutoff  Pentode 

•  6AW8A  •  SAWS  A  : 

35.  RECTIFIERS 

Power-Supply  Types —  V aeuum 

Half-Wave,  (Diode) 


•  35W4  -  *  36AM3R-  *  50DC4 

©35Z5GT 

Full-Wave  (Twin  Diode) 

©  3DG4  ©  5V3A  *  6CA4 

©  5AR4/GF34  ©  5VG4  *  6X4 

0-5AS4A  ©  SV4GA  ; --*>tfX5GT 

a  5BC3  ©  5XG4  *  12CA4 

©  5D14  ©  5Y3GT  ,  *  12X4 

©  5U4G  ©  5Z  4  *  25CA4 

©  5U4GB 


High-Voltage  Types  (For  rf -rectifier  or 
pulsed  low-current  applications}— 
Vacuum 

Half-Wave  (Diode) 

•  1BC2  *  1V2  *  3A2 

s  1G3GT/  •  IX2B  ■  ©  3A3A 

•  1B3GT  *  2AV2  ©  3CA3 

©  1K3/1J3  *  2BJ2 


36.  REGULATORS  (HIGH  VOLT- 
AGE,  LOW  CURRENT) 

Sharp-Cutoff  Beam  Triode 
©  6BK4A  ©  6BK4B 

37.  SYNC  AMPLIFIERS 

Medium-Mil  Triode— -Sharp-Cutoff  Pentode 

•  6AU8A  •  6CX8  *  8CXS 

•  6AZ8  •  8AU8 

Medium-Mu  Twin  Triode 

•  6CG7  •  8CG7  •  12AU7A 

•  7AU7 

High-Mu  Triode  with  Twin  Diode 

•  6CN7  '  •  8CN7  " 

High-Mu  Triode— Sharp-Cutoff  Pentode 

•  6AW8A  *  6JV8  *  81  VS 

•  6HF8  •  SAWS  A  *  10HF8 

High-Mu  Twin  Triode 

•  12BZ7 


38.  SYNC  CLIPPERS 

Medium-Mu  Triode— Sharp-Cutoff  Tetrode 
*  5CQ8  *  6CQ8 

Medium-Mu  Triode— ?Sharp-Cu toff  Pentode 


•  SAN  8  •  6AZ8  *  6CX8 

•  6AN8A  •  6CH8  •  8CXS 

•  6AU8A  *  6CU8  *  8A.U8 


High-Mu  Triode— Sharp-Cutoff  Pentode 

•  6AW8A  •  6HF8  •  8IV8 

•  6EB8  •  6JV8  •  1.0GrN8 

•  6GN8  •  8AW8A  •  I0HF8 

•  6GWS/  •  8EB8  •  101  AS 

ECL86  •  8GN8 


High-Mu  Twin  Triode 

*  12BZ7 

Sharp-Cutoff  Twin  Pentode 

*  3BC8  •  4BU8  *  6BCS 

*  3GS8  *  4HS8  *  6H.S8 

*  3HS8 

Pentagrid  Amplifier 

*  3BY6  •  4CS6  *  6CS6 

*  3CS6  *  6BY6 


39.  SYNC  SEPARATORS 

Medium-Mu  Triode— Sharp-Cutoff  Tetrode 
*  SCQ8  *  6CQ8 


•  Miniature 


©Octal 


*■  Novae1' 
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Medium-Mu 

Triode— Sharp-Cutoff  Pentode 

•  SAN* 

*  6CU8 

*  6LQ8 

*  3GH8A 

•  6CX8 

•  8AU8 

*  6 AN* A 

*  6GH8 

•  8CX8 

*  6AU8A 

*  6HL8 

•  6AZ8 

*  6GH8A 

Medium-Mu 

Twin  Triode 

•  6CG7 

•  8CG7 

•  12AU7A 

*  7AU7 

High-Mu  Triode  with  Twin  Diode 

*  6CN7 

•  8CN7 

High-Mu  Triode— Sharp-Cutoff  Pentode 

*  6AW8A 

•  6KV8 

*  8KA8 

•  6EB8 

•  6LC8 

•  8LC8 

*  6GN8 

*  8AW8A 

®  10GN8 

•  6HF8 

•  8EB8 

•  10HF8 

*  6.1  V  8 

*  8GN8 

♦  103A8 

•  6KA8 

*  8JV8 

•  11KV8 

*  6KT8 

Hig!i-Mu  Twin  Triode 

•  12BZ7 

Sharp-Cutoff 

Twin  Pentode 

*  3BU8 

*  4BU8 

•  6BU8 

*  3GS8 

•  4GS8/4BU8 

•  6HS8 

•  3HS8 

•  4HS8 

Pentagrid  Amplifier 

•  3BY6 

*  4CS6 

•  6CS6 

*  3CS6 

•  6BY6 

40.  TUNING  INDICATORS 

Indicator  with  Triode  Unit 

ms 

Twin  Indicator  Units 
©  6AF6G 


41.  VERTICAL-DEFLECTION 
CIRCUITS 

Oscillators  and  Amplifiers  (Combined) 

Medium-Mu  Triode— Low-Mu  Triode 

*  6DE7  *  10DE7  *  13DE7 

*  6EW7 

Medium-Mu  Dual  Triode 

*  6CM7  •  8CM7  ♦  8CS7 

*  6CS7 

Medium-Mu  Twin  Triode 

*  6FQ7/6CG7 


RCA  Receiving  Tube  Manual 


High-Mu  Triode — Low-Mu  Triode 


*  6CY7 

*  6GF7 

a  10GF7 

•  6DR7 

a  6GF7A 

©  11CY7 

•  6EA7 

©  6GL7 

•  13DR7 

©  6EM7 

*  10DR7 

©  13EM7 

a  6FD7 

0  10EM7 

*  13FD7 
a  13GF7 

High-Mu  Triode 

— Beam  Power 

Tube 

A  6KY8 
a  6KY8A 

*  15MY8 

*  15KY8A 

Dual  Triode 

o  6EM7 

*  6GF7A 

Amplifiers 

Low-Mu  Triode 

•  12B4A 

Medium-Mu  Triode 

•  6S4A 

Beam  Power  Tuhe 

•  5AQ5 

*  6AQ5A 

♦  6EM5 

*  SCZ5 

*  6CM6 

•  8EM5 

©  SY6GT 

•  6CZS 

•  12AQ5 

Power  Pentode 

•  6HR5 

©6K6GT 

42.  VIDEO  AMPLIFIERS 

Medium-Mu  Triode — Sharp-Cutoff  Pentode 

•  5AN8 

*  6BH8 

*  8AU8 

•  5GH8A 

•  6CU8 

*  8BA8A 

•  6AN8A 

•  6CX8 

•  8BH8 

*  6AU8A 

•  6GH8A 

•  8CX8 

•  6AZ8 

•  6BL8 

•  11LQ8 

•  6BA8A 

*  6LQ8 

High-Mu  Triode — Sharp-Cutoff  Pentode 

•  6AW8A 

*  6&V8 

•  10GN8 

*  6EB8 

*  6LF8 

*  10HF8 

•  6GN8 

®  8AW8A 

•  10JA8 

*  6HF8 

*  8EB8 

•  11KV8 

•  63V8 

*  8GN8 

•  12KV8 

•  6KT8 

•  8JV8 

Sharp-Cutoff 

Pentode 

•  3JC6A 

•  6JC6A 

•  12BY7A 

•  4JC6A 

*  11HM7 

t  12HG7 

Sharp-Cutoff 

Pentode  with  Diode 

•  SAMS 

•  5AS8 

•  6AM8A 

*  6AS8 

Beam  Power 

Tube 

•  6BKS  *  25BK5 


Power  Pentode 

©  6AG7  •  6GIC6  •  16GK6 

®  6CL6 


Miniature 


©  Octal 


ANorar 


%  Duodecar 
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Technical  Data 
for  RCA  Tube  Types 


THIS  section  contains  technical  descriptions  of  EGA  tubes  used  in  standard 
broadcast,  FM,  and  television  receivers,  in  audio  amplifiers,  and  in  many 
other  diverse  applications.  It  includes  detailed  data  on  current  types,  includ¬ 
ing  characteristics  curves  in  many  cases.  Essential  information  on  types 
intended  primarily  for  replacement  use  and  on  discontinued  types  in  which 
there  may  still  be  some  interest  is  given  in  chart  form  at  the  end  of  the 
section.  Characteristics  charts  for  RCA  television  picture  tubes  for  replace¬ 
ment  use  and  for  RCA  voltage-regulator  and  voltage-reference  tubes  are 
given  in  the  following  section.  .  ,  ,, 

In  choosing  tube  types  for  the  design  of  new  electronic  equipment,  the 
designer  should  refer  to  the  Application  Guide  lor  RCA  Receiving  Tubes  m 
the  pages  immediately  preceding  this  section. 

Tube  types  are  listed  in  this  section  according  to  the  numerical-alphabeti¬ 
cal-numerical  sequence  of  their  type  designations.  For  Key:  Rasing  Dia¬ 
grams,  see  inside  back  cover. 


Refer  to  chart  at  end  of  data  section. 


0Z4 


FULL-WAVE  GAS  RECTIFIER  OZ4A 

Metal  type  used  as  a  power  rectifier  in  equipment  with 
vibrator-type  power  supplies.  Outlines  section,  2 A ;  re¬ 
quires  octal  socket.  This  tube,  like  other  power-band- 
ling  tubes,  should  be  adequately  ventilated. 


Full-Wave  Rectifier 

MAXIMUM  AND  MINIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage  (Per  Plate)  . . . 

Peak  Starting-Supply  Voltage  (Per  Plate)  . . . 

Peak  Plate  Current  (Per  Plate)  . . . -  ■  • 

DC  Output  Current  . . . . . . . . 

TYPICAL  OPERATION  WITH  VIBRATOR-TYPE  POWER  SUPPLY 
AND  CAPACITOR  INPUT  TO  FILTER 

Peak  Plate  Supply  Voltage  (Per  Plate) $  . . . 

Filter-Input  Capacitor  . . .  ■  • 

Total  Effective  Plate  Supply  Impedance  (Per  Plate)  . . 

DC  Output  at  Input  to  Filter  . . 

DC  Output  Current  . .  . . . . . . 

CHARACTERISTICS 

Tube  Voltage  Drop  for  current  of  110  mA  (Per  Plate)  ........... 

MINIMUM  CIRCUIT  VALUE 

Total  Effective  Plate-Supply  Impedance  (Per  Plate)  . . 


880  max 

volts 

300*  min 

volts 

330  max 

mA 

f  110  max 

mA 

\  80*  min 

mA 

440 

volts 

8 

/*F 

600 

ohms 

810 

volts 

100 

mA 

24 

volts 

300 

ohms 

A  Absolute  value.  Under  no  circumstances  should  the  tube  be  operated  below  the  value  shown, 
t  Open-circuit  voltage  (flat  portion  of  transformer  voltage  wave). 


Refer  to  chart  at  end  of  section. 


OZ4G 
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I  A3 
1 A4P 
1A5GT 
1A6 
1A7GI 
1  ACS 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  Section. 
Refer  to  chart  at  end  of  section. 


HALF-WAVE 
VACUUM  RECTIFIER 

Duodecar  type  used  as  a  rectifier  in  high-voltage  pulse 
circuits  of  color  and  black-and-white  television  receiv¬ 
ers.  Outlines  section,  9A;  requires  duodecar  12-contact 
socket.  Socket  terminals  4  and  10  may  be  used  as  tie 
points  for  components  at  or  near  filament  potential.  For 
high-voltage  and  X-ray  safety  considerations,  refer  to 
type  1G3GT/1B3GT0 

Filament  Voltage  (ac/dc)  . •  — *  •  •  . . 

Filament  Current  . V. .  . . . 

Direct  Interelectrode  Capacitance  (Approx.) : 

Plate  to  Filament  . . . . . ■  ■ . ..... 

Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . ■ ...  i  ....  . . . . 

Peak  Plate  Current . 

Average  Plate  Current  . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  7  mA  . . 


12DQ 

1.25  volts 

0.2  ampere 

1.6  pF 


26000*  volts 

50  mA 

0.6  mA 


225  volts 


#  Pulse  duratioh  Jnust  noi  exceed  1 6 %  of  a  horizontal  scanning  cycle  (10  microseconds). 


■  The  dc  component  must  not  exceed  22000  volts. 


IADS  Refer  to  chart  at  end  of  section. 

1 AX2  Refer  to  chart  at  end  of  section. 


HALF-WAVE 
VACUUM  RECTIFIER 

Miniature  type  used  to  supply  high  voltage  to  the  anode 
of  the  picture  tube  in  television  receivers.  Outlines  sec¬ 
tion,  33 A;  requires  2-contact  socket.  For  high-voltage 
and  X-ray  safety  considerations,  refer  to  type  1G3GT/ 
1B3GT. 

Filament  Voltage  (ac/dc)  . . . . 

Filament  Current  . 

Direct  Interelectrode  Capacitances: 

Plate  to  Filament  . . . .  . . 

Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . . •  •  •  • 

Peak  Plate  Current  .  .  . . . * 

Average  Plate  Current  . . . . . * . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  7  mA  . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10 

*  The  dc  component  must  not  exceed  22000  volts. 


9DP 

1.25  volts 

0.2  ampere 

1.4  pF 


26000*  volts 

50  mA 

0.5  mA 

75  volts 

microseconds). 
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Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


JB3GT 

1E4P 

165/25$ 

187GT 


18C2 


HALF-WAVE 
VACUUM  RECTIFIER 

Duodecar  type  used  as  a  rectifier  in  high-voltage 
pulse  circuits  of  black-and-white  television  receivers. 
Outlines  section,  7E ;  requires  miniature^  9-contact 
socket.  Socket  terminal  7  may  be  used  as  a  tie  point  for 
components  at  or  near  filament  potential.  For  high- 
voltage  and  X-ray  safety  considerations,  refer  to  type 
1G3GT/1B3GT. 


Filament  Voltage  (ac/dc)  . 

Filament  Current  . 

Direct  Interelectrode  Capacitance : 
Plate  to  Filament . 


1.25 

volts 

0.2 

ampere 

1.0 

pF 

Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . 

Peak  Plate  Current  .  .  . . . . . .  . . . 

Average  Plate  Current  . . . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  7  mA  . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle 

•  The  dc  component  must  not  exceed  15000  volts. 


18000*  volts 

45  mA 

0.5  mA 

80  volts 

(10  microseconds). 


Refer  to  chart  at  end  of  section,  1 C5GT 

Refer  to  chart  at  end  of  section.  1 C6 

Refer  to  chart  at  end  of  section.  1 C7G 

1D5GP 

Refer  to  chart  at  end  of  section,  I  pgQf 

Refer  to  chart  at  end  of  section.  1 D7G 

Refer  to  chart  at  end  of  section.  1 D8GT 

Refer  to  chart  at  end  of  section.  1  DNS 

Refer  to  chart  at  end  of  section.  1 E5GP 

Refer  to  chart  at  end  of  section.  1 E7GT 

Refer  to  chart  at  end  of  section.  1 E 8 

Refer  to  chart  at  end  of  section,  1 F 4 

Refer  to  chart  at  end  of  section,  1 F5G 

Refer  to  chart  at  end  of  section.  1  ¥6 

Refer  to  chart  at  end  of  section.  !  ¥70 
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1G3GT/ 

1B3GT 


HALF-WAVE 
VACUUM  RECTIFIER 


Glass  octal  type  used  as  a  rectifier  in  high-voltage 
pulse  circuits  of  color  and  black-and-white  television 
receivers  or  as  a  rectifier  in  a  high-voltage  rf-operated 
power  supply. 

Filament  Voltage  (ac/t!c)  . . . . . . . . . . . . . 

Filament  Current  . . . . . . . . .  • « 

Direct  Interelectrode  Capacitance  (Approx. ) : 

Plate  to  Filament  and  Internal  Shield  . . 


fc  Under  no  circumstances  should  the  filament  voltage  be  less  than  1.05  volts  or  greater  than 
1.45  volts. 


Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . . 

Peak  Plate  Current  . . .  •  * 

Average  Plate  Current  . . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  7  mA  .  . . . 

Radio-Frequency  Rectifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage  . . . . —  . . .  * 

Peak  Plate  Current  . . . . . . . . .  . . 

Average  Plate  Current  . . . . . . 

Frequency  Range  of  Supply  Voltage  . . 


26000*  volts 

50  mA 

0.5  mA 


100  volts 


33000  volts 

35  mA 

1.1  mA 

1.5  to  100  kHz 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

*  The  dc  component  must  not  exceed  22000  volts. 


Installation  and  Application 

Type  1G3GT/1B3GT  requires  an  octal  socket.  Plate  connection  is  cap  at 
top  of  bulb.  Socket  terminals  1,  3,  4/5,  6,  and  8  may  be  connected  to  socket 
terminal  7  or  to  a  corona  shield  which  is  connected  to  socket  terminal  7. 
Socket  terminals  4  and  6  may  be  used  as  tie  points  for  components  at  or 
near  filament  potential.  This  type  may  be  supplied  with  pins  1,  4,  and/or  6 
omitted.  Outlines  section,  14B. 

The  high  voltages  at  which  the  1G3GT/1B3GT  is  operated  are  very 
dangerous.  Great  care  should  be  taken  during  the  adjustment  of  circuits. 
The  tube  and  its  associated  apparatus,  especially  all  parts  which  may  be  at 
high  potential  with  respect  to  ground,  should  be  housed  in  a  protective  en¬ 
closure.  The  protective  housing  should  be  designed  with  interlocks  so  that 
personnel  cannot  possibly  come  in  contact  with  any  high-potential  point  in 
the  electrical  system.  The  interlock  devices  should  function  to  break  the 
primary  circuit  of  the  high-voltage  supply  when  any  gate  or  door  on  the 
protective  housing  is  opened,  and  should  prevent  the  closing  of  this  pri¬ 
mary  circuit  until  the  door  is  locked  again. 

It  should  be  noted  that  high  voltages  may  appear  at  normally  low- 
potential  points  in  the  circuit  as  a  result  of  capacitor  breakdown  or  incorrect 
circuit  connections.  Therefore,  before  any  part  of  the  circuit  is  touched,  the 
power-supply  switch  should  be  turned  off  and  both  terminals  of  any  capaci¬ 
tor  should  be  grounded. 

Operation  of  the  1G3GT/1B3GT  with  a  plate  voltage  above  approxi¬ 
mately  16000  volts  (absolute  value)  results  in  the  production  of  X-rays 
which  can  constitute  a  health  hazard  on  prolonged  exposure  at  close  range 
unless  the  tube  is  adequately  shielded.  Relatively  simple  shielding  should 
prove  adequate,  but  the  need  for  this  precaution  should  be  considered. 


Technical  Data 


109 


Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

HALF-WAVE 
VACUUM  RECTIFIER 

Glass  octal  type  used  as  a  rectifier  in  high-voltage 
pulse  circuits  of  black-and-white  television  receivers. 
Plate  connection  is  cap  at  top  of  bulb.  Socket  terminals 
1,  3,  4,  5,  6,  and  8  may  be  connected  to  socket  terminal 
7  or  to  a  corona  shield  which  is  connected  to  socket 
terminal  7.  Socket  terminals  4  and  6  may  be  used  as 
tie  points  for  components  at  or  near  filament  potential. 
Outlines  section,  14B;  requires  octal  socket.  For  high-voltage  and  X-ray 
safety  considerations,  refer  to  type  1G3GT/1B3GT. 

Filament  Voltage  (ae/dc)  . 1.25  volts 

Filament  Current  .  0.2  ampere 

Direct  Interelectrode  Capacitance  (Approx.)  : 

Plate  to  Filament  and  Internal  Shield  . 1.0  pF 

*  Under  no  circumstances  should  the  filament  voltage  be  less  than  1.05  volts  or  greater  than 
1.45  volts. 

Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 


Peak  Inverse  Plate  Voltage#  . .  20000*  volts 

Peak  Plate  Current  . 50  mA 

Average  Plate  Current  . 0.5  mA 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  7  mA  . .  225  volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

*  The  dc  component  must  not  exceed  22000  volts. 


1G4GT 

1G5G 

1G6GT 

1H4G 

1H5GT 

1H6G 

1J3 

1J5G 

1J6G 

1J6GT 

1K3 

1K3/1J3 


Refer  to  chart  at  end  of  section.  1 16 

Refer  to  chart  at  end  of  section.  1 LA4 

Refer  to  chart  at  end  of  section.  !  L A6 

Refer  to  chart  at  end  of  section.  1 LB4 

Refer  to  chart  at  end  of  section.  1 LC5 

Refer  to  chart  at  end  of  section.  1 LC6 

Refer  to  chart  at  end  of  section,  1  IDS 
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TlO 


HE3 

Refer  to  chart  at  end  of  section. 

1 LG5 

Refer  to  chart  at  end  of  section. 

1 LH4 

Refer  to  chart  at  end  of  section. 

TINS 

Refer  to  chart  at  end  of  section. 

1N2A 

Refer  to  chart  at  end  of  section. 

1N5GT 

Refer  to  chart  at  end  of  section. 

I N6G 

Refer  to  chart  at  end  of  section. 

1P5GT 

Refer  to  chart  at  end  of  section. 

1Q5GT 

Refer  to  chart  at  end  of  section. 

IRS 

Refer  to  chart  at  end  of  section. 

1S2A/DY87 


HALF-WAVE 
VACUUM  RECTIFIER 


Miniature  type  used  in  high-voltage,  low-current  appli¬ 
cations  in  television  scanning  circuits.  Outlines  section, 
7F;  requires  miniature  9-contact  socket.  Socket  termi¬ 
nals  3  and  7  rnay  be  used  as  tie  points  for  components 
at  or  near  heater  potential.  For  high-voltage  considera¬ 
tions,  refer  to  type  1G3GT/1B3GT. 

Heater  Voltage  (ae/dc)  . . . . . . . •  •  . . 

Heater  Current  . . . 

Direct  Interelectrode  Capacitance: 

Plate  to  cathode  and  heater  . .  . . 

Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage#  . ♦ . 

Peak  Plate  Current  . •  • . .  . . 

Average  Plate  Current  . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  7  mA  . 


1.4  volts 

0.55  ampere 

3.8  I>F 

22000  volts 

40  mA 

0.8  mA 

100  volts 


#  Pulse  duration  must  not  exceed  10%  of  a  horizontal  scanning  cycle  (10  microseconds). 


1S4 

Refer  to  chart  at  end  of  section. 

1S5 

Refer  to  chart  at  end  of  section. 

1T4 

Refer  to  chart  at  end  of  section. 

1T5GT 

Refer  to  chart  at  end  of  section. 

1T6 

Refer  to  chart  at  end  of  section. 

1U4 

Refer  to  chart  at  end  of  section. 

IU5 

Refer  to  chart  at  end  of  section. 

^  !¥■ 

Refer  to  chart  at  end  of  section. 
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HALF-WAVE 
VACUUM  RECTIFIER 

Miniature  type  used  as  a  doubler  in  high-voltage  pulse 
rectifier  circuits  of  black-and-white  television  receivers 
and  as  a  focus  rectifier  in  color  television  receivers. 
The  very  low  power  required  by  the  filament  permits 
the  use  of  a  rectifier  transformer  having  small  size  and 
light  weight.  Outlines  section,  6B;  requires  miniature 
9-contact  socket.  For  high-voltage  and  X-ray  safety 
considerations,  refer  to  type  1G3G171B8GT. 

Filament  Voltage  (ae)  . . .  0.625«  volt 

Filament  Current  . . .  ampere 

Direct  Interelectrode  Capacitance:  .  _ 

Plate  to  Filament  (Approx.)  .  O.d  pi* 

«  Under  no  circumstances  should  the  filament  voltage  he  less  than  0.525  volt  or  greater  than 
0.725  volt. 

Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . .  8250*  volts 

Peak  Plate  Current  . . . .  11 

Average  Plate  Current  . . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds).. 

•  The  dc  component  must  not  exceed  7000  volts. 


1V2 


1X2A 


Refer  to  chart  at  end  of  data  section. 


HALF-WAVE 
VACUUM  RECTIFIER 

Miniature  type  used  as  a  rectifier  in  high-voltage  pulse 
circuits  of  black-and-white  television  receivers  and  as  a 
focus  rectifier  in  color  television  receivers.  Outlines 
section,  7A;  requires  miniature  9-contact  socket.  Socket 
terminals  3  and  7  may  be  used  as  tie  points  for  com¬ 
ponents  at  or  near  filament  potential.  For  high-voltage 
and  X-ray  safety  considerations,  refer  to  type  1G3GT/ 
1B3GT. 


Filament  Voltage  (ac)  .  1.25*  volts 

Filament  Current  . . . - .  0.2  ampere 

Direct  Interelectrode  Capacitance:  _ 

Plate  to  Filament  and  Internal  Shield  (Approx.)  .  1.0  pr 


*  Under  no  circumstances  should  the  filament  voltage  be  less  than  1.05  volts  or  greater  than 
1.45  volts. 


Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  ...... . ; . . .  w . ... .  .•>> . . . .  .  . . . . .  22000*  volts 

Peak  Plate  Current  . . . .  . .  mA 

Average  Plate  Current  .  O.o  mA 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  7  mA  .  100  volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

•  The  dc  component  must  not  exceed  18000  volts. 


Refer  to  chart  at  end  of  section.  2 A3 

Refer  to  chart  at  end  of  section,  2A5 


Refer  to  chart  at  end  of  section.  2A6 

Refer  to  chart  at  end  of  section.  2A7 
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2AF4A  Refer  to  chart  at  end  of  section. 

2AF4B  Refer  to  type  6AF4A. 

HALF-WAVE 
VACUUM  RECTIFIER 

Duodecar  type  used  as  a  rectifier  in  high-voltage  pulse 
circuits  of  black-and-white  television  receivers.  Out¬ 
lines  section,  9A;  requires  duodecar  12-contact  socket. 

Socket  terminals  4  and  10  may  be  used  as  tie  points 
for  components  at  or  near  heater  potential.  For  high- 
voltage  and  X-ray  safety  considerations,  refer  to  type 
1G3GT/1B3GT.  Heater:  volts  (ac/dc),  2,5;  amperes,  0.3. 


2AH2 


Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . . 

Peak  Plate  Current  . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  7  mA  . .  . .  100 


volts 

mA 

mA 


volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

•  The  dc  component  must  not  exceed  24000  volts. 


HALF-WAVE 
VACUUM  RECTIFIER 

Duodecar  type  used  as  a  rectifier  in  high-voltage  pulse 
circuits  of  black-and-white  television  receivers.  Outlines 
section,  9B;  requires  duodecar  12-contact  socket.  Socket 
terminals  4,  7,  and  10  may  be  used  as  tie  points  for 
components  at  or  near  heater  potential.  For  high-volt¬ 
age  and  X-ray  safety  considerations,  refer  to  type 
1G3GT/1B3GT.  Heater:  volts  (ac/dc),  2.5;  amperes,  0.33. 


Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . .  3W)00* 

Peak  Plate  Current  . .  •  *  ♦  8J? 

Average  Plate  Current  .  1*B 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  7  mA  . . .  100 


volts 

mA 

mA 

volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


•  The  dc  component  must  not  exceed  24000  volts. 


2AV2 


HALF-WAVE 
VACUUM  RECTIFIER 


Miniature  type  used  as  a  high-voltage,  low-current 
pulse-operated  focus  rectifier  in  color  television  re¬ 
ceivers.  The  filament  of  the  tube  can  be  operated 
directly  across  the  filament  winding  of  the  horizontal- 
output  transformer  without  a  series  voltage-dropping 
resistor.  Outlines  section,  6B;  requires  miniature  9- 
contact  socket.  For  high-voltage  and  X-ray  safety  con¬ 
siderations,  refer  to  type  1G3GT/1B3GT. 


Filament  Voltage  (ac)  . 

Filament  Current  . ■ 

Direct  Interelectrode  Capacitance  (Approx.): 
Plate  to  Filament  . 


1.8  volts 

0.225  ampere 

0.8  pE 
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Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . . .  8250Si**|! 

Peak  Plate  Current  . .  .  . . * - 

Average  Plate  Current  . . 


volts 

mA 

hiA 


CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  1  mA  . . . .  20  volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

Under  no  circumstances  should  this  absolute  value  he  exceeded ;  the  dc  component  must 
not  exceed  7000  volts. 


Refer  to  chart  at  end  of  section. 


2B7 


9RT 


HALF-WAVE 
VACUUM  RECTIFIER 

Miniature  type  used  as  a  rectifier  in  high-voltage  pulse 
circuits  of  transistorized  black-and-white  television  re¬ 
ceivers.  Outlines  section,  7A;  requires  miniature  9- 
contact  socket.  Socket  terminals  3  and  7  should  not  be 
used  as  tie  points  for  external-circuit  connections.  For 
high-voltage  and  X-ray  safety  considerations,  refer  to 
type  1G3GT./1B3GT. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  .  . . ^ . . 

Direct  Interelectrode  Capacitance : 

Plate  to  Cathode,  Heater,  and  Internal  Shield  . . 

Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . 

Peak  Plate  Current  . . 

Average  Plate  Current  . . . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  7  mA  . 


2.3 

volts 

0.3 

ampere 

1 

pF 

20000 

volts 

80 

mA 

1 

mA 

80 

volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


Refer  to  chart  at  end  of  section.  2BN4 

Refer  to  type  6BN4A.  2BN4A 

Refer  to  type  6CW4.  2CW4 

Refer  to  type  6CY5.  2CY5 

Refer  to  type  6DS4.  2DS4 

Refer  to  type  6DV4.  2DV4 

Refer  to  type  6DZ4.  2BZ4 

Refer  to  chart  at  end  of  section.  2E5 


©“SHORT  PIN— JC 

12A& 


HIGH-MU  TRIODE  2EG4 


Nuvistor  type  used  as  a  grounded-cathode,  neutralized 
rf  amplifier  in  vhf  tuners  of  television  and  FM  re¬ 
ceivers.  Outlines  section,  1;  requires  nuvistor  socket. 


Heater  Voltage  (ac/dc)  . . . . . . . . . .  3.7  volts 

Heater  Current  . . . .  0.G  Jimpere 
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Heater  Warm-up  Time  (Average)  . . . 

Peak  Heater-Cathode  Voltage  . . . . . 

Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  to  Plate  . . . - . 

Grid  to  Cathode.  Heater,  and  Shell  . . . . . . 

Plate  to  Cathode,  Heater,  and  Shell  . . 

Plate  to  Cathode  . . . . 

Heater  to  Cathode  . . .  • 

Class  Ai  Amplifier 


8 

seconds 

±100 

volts 

0.92 

pF 

4.8 

PF 

1.8 

pF 

0.18 

pF 

1.6 

pF 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . 

Plate  Voltage  . 

Grid  Voltage : 

Negative-bias  value  . . . 

Peak  or  dc  positive  value  . . .  ... 

Plate  Dissipation  . .  •  •  ■  •  •  •  •  • . 

Cathode  Current  . .  ... . . . ........ 

CHARACTERISTICS  AND  TYPICAL  OPERATION 

Plate  Supply  Voltage  . . 

Grid  Supply  Voltage  . .  . . . 

Cathode-Bias  Resistor  . . . . . 

Grid  Resistor  . . .  .. 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Grid  Voltage  (Approx.)  for  plate  current  of  100  fi A 
Grid  Voltage  (Approx.)  for  plate  current  of  10  /iA 

Plate  Current . . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance:*1 

For  fixed -bias  operation  . 

For  cathode-bias  operation  . . 


800°  volts 

185  volts 


Characteristics 


—55 

0 

1.6 

15 

Typical 

Operation 


volts 

volts 

watts 

mA 


110 

70 

volts 

0 

volts 

180 

— . 

ohms 

63 

47000 

68 

ohms 

7000 

5440 

ohms 

9000 

12500 

/imhos 

—5 

— 

volts 

— 6,8 

— . 

volts 

6.5 

7 

mA 

0.5 

megohm 

2.2 

megohms 

*  A  plate  supply  voltage  of  300  volts  may  be  used  provided  that  a  sufficiently  large  resistor  is 
used  in  the  plate  circuit  to  limit  the  plate  dissipation  to  1.5  watts  under  any  condition  of 
operation. 

*  For  operation  at  metal-shell  temperatures  up  to  135°  C. 


2EN5 

Refer  to  chart  at  end  of  section. 

2ER5 

Refer  to  type  6ER5. 

2FH5 

Refer  to  type  6FH5. 

2FQ5A 

Refer  to  type  6FQ5A. 

2FS5 

Refer  to  type  6FS5. 

2GK5 

Refer  to  type  6GK5. 

2GU5 

Refer  to  type  6GU5. 

2HA5 

Refer  to  type  6HA5. 

2HQ5 

Refer  to  type  6HQ5„ 
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Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


3A2 

3A3 


3A3/3B2 

HALF-WAVE  Ain. 

VACUUM  RECTIFIER  JAJA 

3A3A/3B2 

Glass  octal  type  used  as  a  rectifier  in  high-voltage 
pulse  circuits  of  color  television  receivers.  Outlines 
8EZ  section,  14E;  requires  octal  socket.  Socket  terminals 

1,  3,  4,  5,  6,  and  8  may  be  connected  to  socket  terminal  7.  Socket  terminals 
4  and  6  may  be  used  as  tie  points  for  components  at  or  near  heater  poten¬ 
tial.  For  high-voltage  and  X-ray  safety  considerations,  refer  to  type 
1G3GT/1B3GT. 


Heater  Voltage  (ac),  . . .  3.15*  volts 

Heater  Current  . . .  0.22  ampere 

Direct  Interelectrode  Capacitance  (Approx.)  :  ■ 

Plate  to  Heater,  Cathode,  and  Internal  Shield  .  1.5  Ph 

*  Under  no  circumstances  should  the  heater  voltage  be  less  than  2.65  volts  or  greater  than 
3.65  volts. 

Pulsed  Rectifier 


For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

3A3A  3A3/3132 
3A3A/3B2 

Peak  Inverse  Plate  Voltage#  . 30000  30000  volts 

Peak  Plate  Current  ;..... . 100  88  mA 

Average  Plate  Current  . .  2  1.7  mA 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

Refer  to  chart  at  end  of  section.  3A8GT 

Refer  to  type  6AF4A.  3AF4A 


Refer  to  type  6AL5. 


3AL5 


HALF-WAVE 
VACUUM  RECTIFIER 

Duodeear  type  used  as  a  rectifier  in  high-voltage  pulse 
circuits  of  color  television  receivers.  Outlines  section, 
9B;  requires  duodeear  12-contact  socket.  For  high- 
voltage  and  X-ray  safety  considerations,  refer  to  type 
1G3GT/1B3GT. 


Heater  Voltage  (ac/dc)  . 8.15  volts 

Heater  Current  . 0.22  ampere 

Direct  Interelectrode  Capacitance:  : 

Plate  to  Cathode,  Heater,  and  Internal  Shield  .  1.5  J>F 

Pulsed  Rectifier 

For  operation  in  a  525-!ine,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  .  30000  volts 

Peak  Plate  Current  .  .  : . . . . .  88  raA 

Average  Plate  Current  .  . . 1-7  MA 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

Refer  to  type  6AU6A.  3AU6 

Refer  to  type  6AV6*  3AV6 
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3AW3 


HALF-WAVE 
VACUUM  RECTIFIER 

Glass  octal  type  used  as  a  rectifier  in  high-voltage  pulse 
circuits  of  black-and-white  television  receivers.  Out¬ 
lines  section,  14B;  requires  octal  socket.  For  high-volt¬ 
age  and  X-ray  safety  considerations,  refer  to  type 
1G3GT/1B3GT.  Heater:  volts  (ac/dc),  3.15;  amperes, 
0.22. 

Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Tnverse  Plate  Voltage#  . . 

Peak  Plate  Current 


3EZ 


30000 

88 


Average  Plate  Current  . . 

. . .  1.7 

#  Pulse  duration  must  not 

exceed  15%  of  a  horizontal  scanning  cycle  (10 

3B2 

Refer  to  chart  at  end  of  section. 

3BA6 

Refer  to  type  6BA6. 

3BC5 

3BC5/3CE5 

Refer  to  type  6BC5. 

3BE6 

Refer  to  type  6BE6. 

3BN4 

Refer  to  chart  at  end  of  section. 

3BN4A 

Refer  to  type  6BN4A. 

3BN6 

Refer  to  type  6BN6. 

3BU8 

3BU8/3GS8 

Refer  to  type  6BU8. 

3BY6 

Refer  to  type  6BY6. 

3BZ6 

Refer  to  type  6BZ6. 

3CA3 

HALF-WAVE 

VACUUM  RECTIFIER 

volts 
mA 
m  A 


Glass  octal  type  used  as  a  rectifier  in  high-voltage  pulse 
circuits  of  color  television  receivers.  Outlines  section, 

14E;  requires  octal  socket.  Socket  terminals  1,  3,  4,  5,  6, 
and  8  may  be  connected  to  terminal  7  or  to  a  corona 
shield  which  connects  to  terminal  7.  Socket  terminals 
4  and  6  may  be  used  as  tie  points  at  or  near  cathode 
potential.  For  high-voltage  and  X-ray  safety  considera¬ 
tions,  refer  to  type  1G3GT/1B3GT. 

Heater  Voltage  (ac)  . . *  ■  * 

Heater  Current  . . . . , . . . 

Direct  Interelectrode  Capacitance  (Approx.): 

Plate  to  Heater,  Cathode,  and  Internal  Shield  . . 

Pulsed  Rectifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  .  inX 

Peak  Plate  Current  . 

Average  Plate  Current  . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  11  mA  . . . 

#  Pulse  duration  must  not  exceed  16%  of  a  horizontal  scanning  cycle  (10  microseconds). 

2CB6  Refer  to  type  6CB6A. 


3.6 

volts 

0.225 

ampere 

1.6 

pF 

30000 

volts* 

100 

mA 

2 

mA 

100 

volts 
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Refer  to  type  6CE5.  3CE5 

Refer  to  type  6CF6.  3CF6 

Refer  to  type  6CS6.  3CS6 

Refer  to  type  6CY5.  3CY5 


7DK 


FULLWAVE 
VACUUM  RECTIFIER 


3DG4 


Glass  octal  type  used  in  power  supplies  of  color  and 
black-and-white  television  receivers  and  other  equip¬ 
ment  having  high  dc  requirements.  Outlines  section, 
19E;  requires  octal  socket.  It  is  especially  important 
that  this  tube,  like  other  power-handling  tubes,  be  ade¬ 
quately  ventilated.  For  discussion  of  Rating  Chart, 
refer  to  Interpretation  of  Tube  Data.  Filament:  volts 
(ac/dc),  3.3;  amperes,  3.8. 


FuSI-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage  .  . . . . 

Peak  Plate  Current  (Per  Plate)  . . 

Hot-Switching  Transient  Plate  Current  (Per  Plate)  .... 

AC  Plate  Supply  Voltage  (Per  Plate,  rras)  . . . 

DC  Output  Current  (Per  Plate)  . 

Bulb  Temperature  (at  hottest  point  on  bulb  surface)  . . 


1050 

volts 

1.2 

amperes 

6.5 

amperes 

See 

Eating  Chart 
Hating  Chart 

See 

200 

°C 

RATING  CHART 
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100  200  300  400 

AC  PLATE  SUPPLY  VOLTS  (RMS)  PER  PLATE  (WITHOUT 

92CS-I 


LOAD) 

I0902TI 


TYPICAL  OPERATION  WITH  CAPACITOR  INPUT  TO  FILTER 

AC  Plate-to-Plate  Supply  Voltage  (rms)  . 550  volts 

Filter-Input  Capacitor*  . . . . . . ..  40  /HP 

Effective  Plate-Supply  Impedance  per  Plate  . . 32  ohms 

DC  Output  Voltage  at  Input  to  Filter  (Approx.): 

At  full-load  current  of  350  mA  . 300  volts 

CHARACTERISTICS 

Tube  Voltage  Drop  for  plate  current  of  350  mA  (per  plate)  ,  25  volts 


*  Higher  values  of  capacitance  than  indicated  may  be  used,  but  the  effective  plate-supply 
impedance  may  have  to  be  increased  to  prevent  exceeding  the  maximum  peak-plate-currenfc 
rating. 


Refer  to  type  6DK6. 

3DK6 

Refer  to  chart  at  end  of  section. 

3DT6 

Refer  to  type  6DT6A. 

3DT6A 

Refer  to  type  6DZ4. 

3DZ4 

Refer  to  chart  at  end  of  section. 

SEAS 

Refer  to  type  6EH7. 

3EH7 
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Eefer  to  type  6EJ7/EF184 
Refer  to  type  6ER5. 
Refer  to  type  6FH5. 

Refer  to  type  6FS5, 
Refer  to  type  6GK5, 


SHARP-CUTOFF 
TWIN  PENTODE 

Miniature  type  used  as  combined  sync  separator,  sync 
clipper,  and  age  amplifier  tube  in  television  receivers. 
Outlines  section,  6E;  requires  miniature  9-contact 
socket. 

Heater  Voltage  (ac/dc)  . . . . . 

Heater  Current  . 

Heater  Warm-Up  Time  (Average)  . . . . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . * . 

Direct  Interelectrode  Capacitances: 

Grid  No.3  to  Plate  (Each  Unit)  . . 

Grid  No.l  to  All  Other  Electrodes  . . 

Grid  No.3  to  All  Other  Electrodes  (Each  Unit)  . 

Plate  to  All  Other  Electrodes  (Each  Unit)  . 

Grid  No.3  of  Unit  No.l  to  Grid  No.3  of  Unit  No.2  .......... 


3EJ7 

3ERS 

3FH5 

3FS5 

3GK5 


Class  At  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  (Each  Unit)  . : . 

Grid-No. 3  (Suppressor-Grid)  Voltage  (Each  Unit)  : 

Peak  positive  value  . . . .  • 

DC  negative  value  . . 

DC  positive  value  . . . 

Grid-No. 2  (Screen-Grid)  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage,  Negative  bias  value 

Cathode  Current  . • . 

Plate  Dissipation  (Each  Unit)  . . 

Grid-No.2  Input  . . . . . 


CHARACTERISTICS 

Plate  Voltage  (Each  Unit)  . .  . 
Grid-No.3  Voltage  (Each  Unit) 

Grid-No.2  Voltage  . . 

Grid-No.  1  Voltage  . . 

Plate  Current  (Each  Unit)  .  .  . 

Grid-No.2  Current  . 

Cathode  Current  . 


With  Both  Units  Operating 

. .  100 

. . .  ^10 

67.5 


.  6 

.  e.i 

With  One  Unit  Operating* 


Plate  Voltage  . . . 

Grid-No.3  Voltage  . . . 

Grid-No.2  Voltage  . . . . . 

Grid-No.  1  Voltage  . . . 

Grid-No.3  Transconductance  . 

Grid-No. 1  Transconductance  . .  . . 

Plate  Current  . . 

Grid-No.3  Voltage  (Approx.)  for  plate  current  of 


100 

0 

67.5 

0 

1200 


100  fiA  . . . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 


ioo  M  .  . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.3-Circuit  Resistance  (Each  Unit) 
Grid-No.  1 -Circuit  Resistance  . . 


■  Adjusted  to  provide  a  dc  grid-No.l  current  of  100  microamperes. 
*  With  plate  and  grid  No.3  of  the  other  unit  connected  to  ground  . 


300 

60 

—50 

3 

150 

—50 

12 

1.1 

0.75 

100 

0 

67.5 

m 

2 

3.6 

7.7 

100 

0 

67.5 

0 

270 


—2 

0.5 

0.5 


volts 

volts 

volts 

volts 

volts 

volts 

mA 

watts 

watt 

volts 

volts 

volts 

volts 

mA 

mA 

mA 

volts 

volts 

volts 

volts 

/tmhos 

/mihos 

mA 

volts 

volts 

megohm 

megohm 


3GS8/3BU8 

3HA5 


Eefer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
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Refer  to  type  6HM5/6HA5. 

3HM5/3HA5 

Refer  to  type  6HQ5. 

3HQ5 

Refer  to  type  6HS8. 

3HSS 

Refer  to  types  6JCG  and  6JC6A. 

3JC6 

3JC6A 

Refer  to  type  6JD6*  > ..  <  y?-. 

Refer  to  type  6KT6. 

3KT6 

Refer  to  chart  at  end  of  section. 

3LF4 

Refer  to  chart  at  end  of  section. 

3Q4 

Refer  to  chart  at  end  of  section. 

3Q5GT 

Refer  to  chart  at  end  of  section. 

3S4 

Refer  to  chart  at  end  of  section. 

3V4 

Refer  to  type  6AU6A. 

4AU6 

Refer  to  type  6AV6. 

4AV6 

Refer  to  chart  at  end  of  section. 

4BC5 

Refer  to  type  6BC8. 

4BC8 

Refer  to  type  GBL8. 

4BL8 

4BL8/XCF80 

Refer  to  type  6BN6. 

4BN6 

Refer  to  type  6BQ7A. 

4BQ7A 

Refer  to  type  6BS8. 

4BS8 

Refer  to  chart  at  end  of  section. 

4BU8 

4BU8/4GS8 

Refer  to  type  GBZ6. 

4BZ6 

Refer  to  type  6BZ7. 

4BZ7 

Refer  to  type  6CB6A. 

4CB6 

Refer  to  type  6CS6. 

4CS6 

Refer  to  type  GCY5. 

4CY5 

Refer  to  type  GDE6. 

4DE6 

Refer  to  type  6 DKG. 

4DK6 

Refer  to  chart  at  end  of  section. 

4DT6 

Refer  to  type  6DT6A. 

4DT6A 

Refer  to  type  GEH7. 

4EH7 

Refer  to  type  GEJ7/EF184. 

4EJ7 

Refer  to  type  GES8. 

4ES8 

Refer  to  type  GEW6. 

4EW6 

Refer  to  type  6GK5. 

4GK5 

Refer  to  type  GGM6. 

4GM6 

Refer  to  chart  at  end  of  section* 

4GS8 

4GS8/4BUS 

Refer  to  type  GGX7. 

4GX7 
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4GZ5  Refer  to  type  6GZ5. 

4HA5  Refer  to  type  6HA5. 

4HA7  Refer  to  type  5HA7. 


4HC7  DUAL  TRIODE 

Duodeear  type  used  for  sync  clipper  and  age-amplifier 
service  in  television  receivers.  Outlines  section,  30E; 
requires  duodeear  12-contact  socket.  Heater:  volts 
(ac/dc),  4,2;  amperes,  0.6;  warm-up  time,  11  seconds; 
maximum  heater-cathode  volts,  zt  200  peak,  100  average. 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid  Voltage: 

Positive-bias  value  . 

Negative-bias  value  . . . 

Peak  Positive-Pulse  Grid  Voltage  . 

Plate  Dissipation#  . . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  Voltage  ... . . . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . 

Plate  Current  . . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  fiA  . 
MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  . . . 

#  A  bias  resistor  or  other  means  is  required  to  protect 


Unit  No.l 

Unit  No.2 

330 

330 

volts 

0 

0 

volts 

—100 

—100 

volts 

60 

— 

volts 

3 

1.2 

watts 

150 

150 

volts 

—1 

volt 

23 

100 

5200 

53000 

ohms 

4400 

1900 

/zmhos 

18 

1 

mA 

—13 

—2.2 

volts 

5 

5 

megohms 

the  tube  in 

absence  of 

excitation. 

4HM6  Refer  to  type  6HM6. 

4HSS  Refer  to  type  6HS8. 


4HT6 


SEMIREMOTE-CUTOFF 

PENTODE 


Miniature  type  with  frame  grid  used  in  the  if -amplifier 
stage  of  television  receivers.  Outlines  section,  6B;  re¬ 
quires  miniature  9 -contact  socket. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . . 

Heater  Warm-up  Time  . . 

Heater-Cathode  Voltage 

Peak  value  . . . . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . . . • ••  •  ■  ■  ■  * . 

Grid  No.l  to  Cathode,  Heater,  Grid  No, 2, 

Grid  No.3,  and  Internal  Shield  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . . 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Negative-bias  value 


Cathode  Current  . . 

Plate  Dissipation ,  . . . . . . . . . . . . 

Grid-No.2  Input:  . 

For  grid-No.2  voltages  up  to  125  volts  . 

For  grid-No.2  voltages  between  125  and  250  volts 


4.2  volts 

.  0.45  ampere 

.  11  seconds 

±200  max  volts 

.  100  max  volts 

Unshielded  Shielded 

0.031  0.024  pF 

8.7  8.7  pF 

2.15  3.0  pF 

.  250  volts 

.  250  volts 

.  See  curve  page  96 

.  . — 50  volts 

. . . 25  mA 

[  ]  *  ’ .  2.5  watts 

.  0.6  watt 

.  See  curve  page  96 
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CHARACTERISTICS 

Plate  Supply  Voltage  . . . . 

Grid  No.3  (Suppressor  Grid)  . .  . . . . . Connected 

Grid-No.2  Supply  Voltage  . . . 

Cathode-Bias  Resistor  . . . . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . - . 

Grid-No.2  Current  . . . 

Grid-No.  1  Voltage  (Approx.)  for  transconductance  of  100  jimhon  .  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1 -Circuit  Resistance: 

For  fixed-bias  operation  . . . . 

For  cathode-bias  operation  . . . . 


125  volts 

to  cathode  at  socket 

125  volts 

56  ohms 

0.1 43  megohm 

14000  jumhos 

15  mA 

4  mA 

— 4.5  volts 


megohm 

megohm. 


Refer  to  types  6JC6  and  GJC6A. 

4JC6 

4JC6A 

Refer  to  type  6JD6. 

4JD6 

Refer  to  type  6KE8. 

4KE8 

Refer  to  type  6KT6. 

4KT6 

Refer  to  type  5LJ8. 

4U8 

Refer  to  type  6AM8A. 

5AM8 

Refer  to  type  6AN8A. 

5AN8 

Refer  to  type  6AQ5A. 

5AQ5 

5AR4/ 

x  FULL-WAVE 

VACUUM  RECTIFIER 

GZ34 

Glass  octal  type  used  in  power  supply  of  television  re¬ 
ceivers  and  other  equipment  having  high  dc  require¬ 
ments.  Outlines  section,  13F;  requires  octal  socket.  It 
is  especially  important  that  this  tube,  like  other  power¬ 
handling  tubes,  be  adequately  ventilated.  Heater;  volts 
(ac/dc),  5;  amperes,  1.9. 


Full-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage  . 

Peak  Plate  Current  (Per  Plate)  . 

Hot-Switching  Transient  Plate  Current  (Per  Plate)  . 

AC  Plate-Supply  Voltage  (Per  Plate,  rms,  without  load)  . 

Average  Output  Current  (Per  Plate)  . . 

TYPICAL  OPERATION  WITH  CAPACITOR  INPUT  TO  FILTER 


AC  Plate-to-Plate  Supply  Voltage  (rms)  .  450 

Effective  Plate-Supply  Impedance  per  Plate  .  160 

Average  Output  Current  . . .  225 

DC  Output  Voltage  at  Input  to  Filter  .  47  o 


RATING  CHART 


O  100  200  300  400  900  600  700 

AC  PLATE  SUPPLY  VOLTS  (RMS) PER  PLATE  (WITHOUT  LOAD* 


S-I3257T 


1700  volts 

825  mA 

3.7  amperes 

See  Rating  Chart 
See  Rating  Chart 


550  volts 

200  ohms 

160  mA 

620  volts 
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TYPICAL  OPERATION  WITH  CHOKE  INPUT  TO  FILTER 


AC  Plate-to-Plate  Supply  Voltage  (runs)  . .  450  550 

Filter  Input  Choke  . .  10  10 

Average  Output  Current  . . .  250  225 

DC  Output  Voltage  at  Input  to  Filter  . 375  465 

CHARACTERISTICS,  Instantaneous  Value 
Tube  Voltage  Drop  for  plate  current  of  225  mA 

(Per  Plate)  . —  17 


5AS4  Refer  to  chart  at  end  of  section. 


volts 
■  henries 
mA 
volts 


volts 


5AS4A 


FULL-WAVE 
VACUUM  RECTIFIER 

Glass  octal  type  used  in  power  supplies  of  television 
receivers  having  high  dc  requirements.  Outlines  section, 
19D;  requires  octal  socket.  This  type  may  be  supplied 
with  pins  3,  5,  and  7  omitted.  Vertical  mounting  is  pre¬ 
ferred,  but  horizontal  mounting  is  permissible  if  pins 
1  and  4  are  in  vertical  plane.  It  is  especially  important 
that  this  tube,  like  other  power-handling  tubes,  be  ade¬ 
quately  ventilated.  Heater:  volts  (ac),  5.0;  amperes, 


r'Oz 


3.0.  For  maximum 


ratings,  typical  operation,  and  curves,  refer  to  type  5U4GB. 


5  ASS 
5AT8 
5AU4 


Refer  to  type  6AS8. 

Refer  to  type  6AT8A. 

'"Refer  to  chart  at  end  of  data  section. 


5AV8 


MEDIUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


Miniature  type  used  in  television  receiver  applications, 
Outlines  section,  6B;  requires  miniature  9-contact  socket. 
Heater:  volts  (ac/dc),  4.7;  amperes,  0.6;  warm-up  time 
(average),  11  seconds;  maximum  heater-cathode  volts, 
±  200  peak,  100  average. 


9DZ 


Class  A*  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . —  • 

Grid  No. 2  Supply  Voltage  . . . . . 

Grid-No.  2  (Screen-Grid)  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . 

Grid-No. 2  Input : 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . 

Grid-No.2  Supply  Voltage  . . . ......... 

Grid-No.  1  Voltage  . . . . . . . . 

Cathode-Bias  Resistor  . . . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . . . 

Transconductance  . . 

Plate  Current  . . . ........... 

Grid-No.2  Current  . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

10  jx  A  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance 

For  fixed-bias  operation  . , . . 

For  cathode-bias  operation  . . 


Triode  Unit  Pentode  Unit 

300 

300 

volts 

300 

volts 

— 

See  curve  page  96 

0 

0 

volts 

2.5 

2 

watts 

_ _ 

0.5 

watt 

— 

See  curve  page  96 

200 

200 

volts 

150 

volts 

—  6 

_ 

volts 

180 

ohms 

19 

. — 

5750 

300000 

ohms 

3300 

6200 

/tmhos 

13 

9.5 

mA 

2.8 

mA 

- — 19 

— 8 

volts 

0.5 

0.25 

megohm. 

1.0 

1.0 

megohm. 

*  If  either  unit  is  operating  at  maxittium  rated  conditions,  grid-No.  1-circuit  resistance  for 
both  units  should  not  exceed  the  stated  values. 
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Refer  to  chart  at  end  of  section.  5AW4 

Refer  to  chart  at  end  of  section,  5AZ4 


9EC 


MEDIUM-MU  TRIODE — 
SHARP-CUTOFF  PENTODE 


5B8 


Miniature  type  used  as  combined  vhf  oscillator  and 
mixer  in  television  receivers.  Outlines  section,  6B;  re¬ 
quires  miniature  9-contact  socket. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . 

Heater  Warm-up  Time  . . . . . 

Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances : 

Triode  Unit: 

Grid  to  Plate  . 

Grid  to  Cathode,  Heater,  Pentode  Grid  No.3,  and  Internal  Shield 
Plate  to  Cathode,  Heater,  Pentode  Grid  No.3,  and  Internal  Shield 
Pentode  Unit : 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  and  Grid  No.2  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield  .... 

Plate  to  Cathode,  Heater,  and  Grid  No.2  . 

Triode  Grid  to  Pentode  Plate  . 

Pentode  Grid  No.l  to  Triode  Plate  . . . 

Pentode  Plate  to  Triode  Plate  . 


4.7 

volts 

0.6 

ampere 

11 

seconds 

±200  max 

volts 

100  max 

volts 

1.7 

pF 

1.9 

pF 

1.4 

pF 

0.05  max 

pF 

6 

pF 

2.6 

pF 

0.15 

PF 

0.0078 

pF 

0.0033 

pF 

0.06 

pF 

Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 

Grid  No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.  2  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . 

Grid  No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . 

Grid  Voltage  . . . 

Cathode-Bias  Resistor  . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . 

Plate  Current  . 

Grid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 
10  fiA  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l -Circuit  Resistance* : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . i . 


Triode  Unit  Pentode  Unit 


300 

300 

volts 

: - - 

300 

volts 

— 

See  curve  page  96 

0 

0 

volts 

2.5 

2 

watts 

_ _ 

0.5 

watt 

— 

See  curve  page 

96 

200 

200 

volts 

— . 

150 

volts 

— 6 

volts 

* — . 

180 

ohms 

19 

— 

5750 

800000 

ohms 

3300 

6200 

jim  hos 

13 

9.5 

mA 

2.8 

mA 

— 19 

— 8 

volts 

0.5 

0.25 

megohm 

1.6 

1.0 

megohm 

*  If  either  unit  is  operated  at  maximum  rated  conditions,  grid-No.  1-circuit  resistance  for 
both  units  should  not  exceed  the  stated  values. 


P02 


FULL-WAVE  5BC3 

VACUUM  RECTIFIER  5BG3A 

Novar  types  used  in  power  supplies  of  radio  equip¬ 
ment  and  television  receivers  having  high  dc  require¬ 
ments.  Outlines  section,  17C  and  31C,  respectively;  re- 
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600 

900 

1100 

40 

40 

40 

21 

67 

97 

290 

460 

— 

_ • ' 

. — . 

630 

335 

— 

— 

620 

— 

__ 

■  — 

680 

1700  volts 

1  ampere 

5  amperes 

See  Rating  Chart 
See  Rating  Chart 


volts 
}i  F 


quire  novar  9-contact  socket.  Vertical  operation  is  preferred,  but  tubes  may 
be  operated  in  horizontal  position  if  pins  2  and  7  are  in  vertical  plane.  It  is 
especially  important  that  these  tubes,  like  other  power-handling  tubes,  be 
adequately  ventilated.  Filament:  volts  (ac),  5;  amperes,  3. 

Fufl-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage  . . . . ; ...... . . . . 

Peak  Plate  Current  (Per  Plate)  . . . . 

Hot-Switching  Transient  Plate  Current  (Per  Plate)0  . 

AC  Plate-Supply  Voltage  (Per  Plate,  rms)  . . . 

Average  Output  Current  (Per  Plate)  . . 

TYPICAL  OPERATION  WITH  CAPACITOR  INPUT  TO  FILTER 

AC  Plate-to-Plate  Supply  Voltage  (rms)  . 

Filter-Input  Capacitor*  . . . 

Total  Effective  Plate-Supply  Impedance  per  Plate 
DC  Output  Voltage  at  Input  to  Filter  (Approx. ) : 

At  load  current  of :  300  mA  . 

275  mA  . . . 

162  mA  . . . 

150  mA  . 

137.5  mA  . 

81  mA . . 

TYPICAL  OPERATION  WITH  CHOKE  INPUT  TO  FILTER 

AC  Plate-to-Plate  Supply  Voltage  (rms)  . . 

Filter-Input  Choke  . . 

DC  Output  Voltage  at  Input  to  Filter  (Approx.)  : 

At  load  current  of:  348  mA  . 

275  mA  . 

174  mA  . 

137.5  mA  . . 

0  If  hot  switching  is  regularly  required  in  operation,  the  use  of  choke-input  circuits  is 
recommended.  Such  circuits  limit  the  hot-switching  current  to  a  value  no  higher  than  that 
of  the  peak  plate  current.  When  capacitor-input  circuits  are  used,  a  maximum  peak  current 
value  per  plate  of  5  amperes  during  the  initial  cycles  of  the  hot-switching  transient  should 
not  be  exceeded. 

»  Higher  values  of  capacitance  than  indicated  may  be  used,  but  the  effective  plate-supply 
impedance  may  have  to  be  increased  to  prevent  exceeding  the  maximum  rating  lor  peak 
plate  current. 


900 

10 


340 

355 


1100 

10 


440 

445 


ohms 

volts 

volts 

volts 

volts 

volts 

volts 

volts 

henries 

volts 

volts 

volts 

volts 


5BE8 

Refer  to  chart  at  end  of  section. 

5BK7A 

Refer  to  type  6BK7B. 

5BQ7A 

Refer  to  type  6BQ7A. 

5BR8 

Refer  to  type  6BR8A. 

5BI8 

Refer  to  chart  at  end  of  section. 

5BW8 

Refer  to  type  6BW8. 

5CG8 

Refer  to  type  6CG8A. 

5CL8 

Refer  to  chart  at  end  of  section. 

Technical  Data 
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Refer  to  type  6CL8A. 

5CL8A 

Refer  to  chart  at  end  of  section. 

5CM8 

Refer  to  type  6CQ8. 

5CQ8 

Refer  to  type  6CZ5. 

5CZ5 

Refer  to  chart  at  end  of  section. 

5DH8 

FULL-WAVE 

VACUUM  RECTIFIER 

5DJ4 

8KS 


Glass  octal  type  used  in  power  supplies  of  radio  and 
television  receivers  having’  high  dc  requirements.  Out¬ 
lines  section,  19E;  requires  octal  socket.  Operation  in 
vertical  position  is  preferred,  but  horizontal  operation 
is  permissible  if  pins  2  and  4  are  in  vertical  plane.  It  is 
especially  important  that  this  tube,  like  other  power- 
handling  tubes,  be  adequately  ventilated.  Filament: 
volts  (ac/dc),  5;  amperes,  8. 

FuSI-Wave  Rectifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage  . . . 

Peak  Plate  Current  (Per  Plate)  . .  • ..... 

Hot-Switching  Transient  Plate  Current  (Per  Plate) 
AC  Plate-Supply  Voltage  (Per  Plate,  rms,  without  load) 

Average  Output  Current  (Per  Plate)  . . 

TYPICAL  OPERATION 

Filter  Input 

AC  Plate-to-PJate  Supply  Voltage  (rms,  without  load) 

Filter-Input  Capacitor0  . . 

Filter-Input  Choke  . . 

Effective  Plate-Supply  Impedance  per  Plate  ...... 

DC  Output  Voltage  at  Input  to  Filter  (Approx.)  .. 
Average  Output  Current  . 


1700 

volts 

. . . 

1 

ampere 

5 

amperes 

See  Hating  Chart 

Capacitor 

See  Rating  Chart 

Choke 

600 

900 

1100 

volts 

40 

40 

— 

juF 

_ 

— 

10 

henries 

21 

67 

— . 

ohms 

290 

460 

420 

volts 

300 

275 

275 

mA 

•When  capacitor  values  greater  than  40  jiF  are  used,  the  effective  plate-supply  impedance 
should  he  increased  so  that  the  maximum  rating  for  peak  plate  current  is  not  exceeded. 


RATING  CHART 


Refer  to  type  6EA8. 

SEAS 

Refer  to  type  6EU8. 

5EU8 

Refer  to  type  6EW6. 

5EW6 

Refer  to  type  6FG7. 

5FG7 

Refer  to  type  6FV8A. 

5FV8 

Refer  to  type  6GH8A. 

5GH8 

5GH8A 

Refer  to  type  6GM6, 

5GM6 
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5GX6 

5GX7 


Refer  to  type  6GX6. 
Refer  to  type  GGX7. 


5HA7 

4HA7 


DUAL  TRIODE 


in  television  receivers.  Outlines  section,  8A; 
duodecar  12-contact  socket.  Type  4HA7  is  idem 
type  5HA7  except  for  the  beater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage: 

Peak  value  . . 

Average  value . 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage . . .  . .  , . 

Grid  Voltage: 

Positive-bias  value  . . . . . . 

Negative-bias  value  . . . . 

Cathode  Current  . ; . . . 

Plate  Dissipation  . . . 

CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . . . 

Transeonduetance  . . . . 

Plate  Current  . . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  fi A  . . 


KT|(#^ 

Vs)Gt> 

amplifier  Kt2 

1— " 8 

j 

requires 

mV 

tical  with 

V2) 

H 

H 

12FQ 

4HA7 

5HA7 

4.2 

5.6 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

Unit  No.l 

Unit  No.2 

330 

330 

volts 

0 

0 

volts 

—50 

—50 

volts 

20 

— 

mA 

2.75 

0.3 

watts 

250 

250 

volts 

—8.5 

—2.0 

volts 

17 

100 

7700 

62500 

ohms 

2200 

1600 

./rnvhos 

10.5 

1.2 

mA 

—24 

— 

volts 

5HB7 

Refer  to  type  6HB7. 

5HG8 

Refer  to  type  6HG8. 

5HZ6 

Refer  to  type  6HZ6. 

5J6 

Refer  to  type  6J6A. 

5JK6 

SHARP-CUTOFF  PENTODE 

Miniature  type  used  for  if-amplifier  applications  in 
color  and  black-and-white  television  receivers.  Out¬ 
lines  section,  50;  requires  miniature  7-contact  socket. 


7CM 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate . , . 

Grid  No.  1  to  Cathode,  Heater,  Grid  No.2,  Grid  No. 3, 

and  Internal  Shield  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.S, 
and  Internal  Shield  . . 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 


4.9 

volts 

0.45 

ampere 

11 

seconds 

±200  max 

volts 

100  max 

volts 

0.02  max 

pF 

9.5 

»F 

2.7 

pF 

275 

volts 
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Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . >• . .  . . 

Cathode  Current  . . . 

Pla,te  Dissipation  . . .  .  .  . . . . ■  -  •  - 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  137.5  volts  . . 

For  grid-No.2  voltages  between  137.5  and  275  volts  . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  No.3  . . . . 

Grid-No.2  Voltage  . . . . .  . . . 

Cathode-Bias  Resistor  . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . 

Plate  Current  . . 

Grid-No.2  Current  ’ . . . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  20  /uA 

Input  Resistance  at  44  MHz  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l  Circuit  Resistance,  for  cathode-bias  operation 


.  275  volts 

. . . . .  See  curve  page  96 

; .  .  22...  ..  mA 

.  2,5  watts 

0.6  watt 

.  See  curve  page  96 

.  125  volts 

Connected  to  cathode  at  socket 

.  125  volts 

.  68  ohms 

.  18000  /imhos 

.  0.15  megohm 

.  11,5  mA 

_ _  8.9  mA 

.  — o.5  volts 

.  4000  ohms 


0.5  megohm 


Refer  to  type  6KD8.  5SCD8 

Refer  to  type  6KE8.  5KE8 


MEDIUM-MU  TRI0DE—  5LJ3 

SHARP-CUTOFF  PENTODE  « m 


Miniature  type  used  as  combined  vM  oscillator  and 
Dc3p  mixer  in  television  receivers.  Outlines  section,  6B;  re¬ 
quires  miniature  9-contacf  socket.  Type  4LJ8  is  iden- 
»  tical  with  type  5LJ8  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


volts 

ampere 

seconds 


±200  max 
100  max 


=200  max 
100  max 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Triode  U 

Plate  Voltage  .  280 

Grid-No.2  (Screen-Grid)  Supply  Voltage  .  — 

Grid-No.2  Voltage  . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  0 

Plate  Dissipation  .  2 

Grid-No.2  Input  . 

Cathode  Current  . 20 

CHARACTERISTICS 

Plate  Supply  Voltage  .  125 

Grid-No.2  Supply  Voltage  .  — 

Grid  No.l  . . .  Connected  to  negative  < 

Cathode-Bias  Resistor  . .  68 

Amplification  Factor  .  40 

Plate  Resistance  (Approx.)  . 5009 

Transconductance  .  8000 

Plate  Current  . IS 

Grid-No.2  Current  . — 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

80  ft  A  . —6.5 

MAXIMUM  CIRCUIT  VALUES 
Gricl-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . 1.0 

For  cathode-bias  oepration  . 0-5 


fnit  Pentode  Unit 

280  volts 

280  volts 

See  curve  page  96 

0  volts 

2  watts 

0.5  watt 

20  mA 

125  volts 

125  volts 

end  of  cathode-bias  resistor 
88  ohms 


megohm 

megohm 


Refer  to  chart  at  end  of  section. 

Refer  to  type  6T8A. 
Refer  to  chart  at  end  of  section. 


ST  4 
STB 
5U4G 
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FULL-WAVE  Klldf&U  ^ 

VACUUM  RECTIFIER  jwwy 

Glass  octal  type  used  in  power  supplies  of  radio  and 
color  and  black-and-white  television  receivers  haying 
high  dc  requirements.  Outlines  section,  19E;  requires 
octal  socket.  This  type  may  be  supplied  with  pins  3, 

5,  and  7  omitted.  Vertical  mounting  is  preferred,  but 
horizontal  mounting  is  permissible  if  pins  1  and  4  are 
in  vertical  plane.  The  coated  filament  is  designed  to 
operate  from  the  ac  line  through  a  step-down  transformer.  The  voltage  at 
the  filament  terminals  should  be  5  volts  at  an  average  line  voltage  of  117 
volts.  It  is  especially  important  that  this  tube,  like  other  power-handling 
tubes,  be  adequately  ventilated.  For  discussion  of  Rating  Chart  and  Opera¬ 
tion  Characteristics,  refer  to  Interpretation  of  Tube  Data.  Filament:  volts 
(ac),  5;  amperes,  3. 

Full-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage  . . .  1550  volts 

Peak  Plate  Current  (Per  Plate)  . . . .  1-0  ampere 

Hot-Switching  Transient  Plate  Current  (Per  Plate)  . .  # 

AC  Plate  Supply  Voltage  (Per  Plate,  rms)  . . . .  See  Rating  Chart 

Average  Output  Current  (Per  Plate)  . . .  See  Rating  Chart 


RATING  CHART 


- 1 - 1 - 

TYPE  5U4-GB 
E(«5  VOLTS  AC 

4 AX 

Lc 

/MUM  OPERATING  VALUES  WITH: 
HOKE-INPUT  FILTER 
r  CAPACITOR  -  INPUT  FILTER  _ _ 

FA 

i75P*= 

t 

H 

1 

1 

— 

V 

C 

*!■{-. 

I 

— 

— 

— 

. i 

3 

0 

— I — 

I 

I 

t48 

i 

|45C 

) _ G 

55C 

) 

o  100  200  300  400  500  boo 

AC  PLATE  SUPPLY  VOLTS  (RMS)  PER  PLATE  (WITHOUT  LOAD) 


TYPICAL  OPERATION  WITH  CAPACITOR  INPUT  TO  FILTER 

AC  Plate-to-Plate  Supply  Voltage  (rms)  . 

Filter-Input  Capacitor*  . 

Total  Effective  Plate-Supply  Impedance  per  Plate 
DC  Output  Voltage  at  Input  to  Filter  (Approx.) : 

f  150  mA 

At  half-load  current  of 


At  full-load  current  of 


l 


137.5  mA 
SI  mA 
300  mA  .  . 
275  mA  , . 
162  mA  .  . 


Voltage  Regulation  (Approx.)  : 

Half-load  to  full-load  current 
TYPICAL  OPERATION  WITH  CHOKE  INPUT  TO  FILTER 

AC  Plate-to-Plate  Supply  Voltage 

Filter-Input  Choke  . 

DC  Output  Voltage  at  Input  to  Fi 

At  half-load  current  of  \ 


At  full-load  current  of  j 

Voltage  Regulaton  (Approx. ) : 
Half-load  to  full-load  current 


600 

900 

1100 

40 

40 

40 

21 

67 

97 

335 

_ 

_ . 

— 

520 

— 

— 

— 

680 

290 

— i 

— 

— 

460 

— 

__ 

630 

45 

60 

60 

(rms)  . 

900 

1100 

10 

10 

Iter  (Approx.)  : 

174  mA  . 

355 

_ _ _ 

137.5  mA  ...... 

• —  ■ 

465 

348  mA  ....... 

340 

— . 

275  mA  . 

— 

440 

15 

15 

volts 

fiF 

ohms 

volts 

volts 

volts 

volts 

volts 

volts 

volts 


volts 

henries 


volts 

volts 


volts 

volts 

volts 
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#  If  hot  s  witching  is  regularly  required  in  operation,  the  use  of  choke-input  circuits  is 
recommended.  Such  circuits  limit  the  hot-switching  current  to  a  value  no  higher  than  that 
of  the  peak  plate  current.  When  capacitor-input  circuits  are  Used,  a  maximum  peak  current 
value  per  plate  of  4.6  amperes  during  the  initial  cycles  of  the  hot-switching  transient  should 
not  be  exceeded. 

*  Higher  values  of  capacitance  than  indicated  may  be  used,  but  the  effective  plate-supply 
impedance  may  have  to  be  increased  to  prevent  exceeding  the  maximum  rating  for  peak 
plate  current. 


OPERATION  CHARACTERISTICS 
fULL-WAVE  CIRCUIT,  CAPACITOR  INPUT  TO  FILTER 

• — ~i - 1 - 1 - 1 - r- — i - 1 - 1 - 

TYPE  5U4-GB 
E-T  -  6.0  VOLTS  AC 
-  SUPPLY  FREQUENCY  =  60  CPS 
CAPACITOR  CO  INPUT  TO  FILTER:  40  U-f 
TOTAL  EFFECTIVE  PLATE -SUPPLY  IMPEDANCE 
PER  PLATE: 

CURVE  I  12  3  4  5  6  7  8 

OHMS  TiT II  20  36  52  67  82  97 
"  CURRENT-  AND  -  VOLTAGE  BOUNDARY  LINE  'DEA's  "" 
SEE  RATING  CHART 


6PERATION  CHARACTERISTICS 

FULL-WAVE  CIRCUIT,  CHOKE  INPUT  TO  FILTER  . 

- , - , - , - 1 - , - , - 1 — — r~ — - 

TYPE  5U4-GB 

Ef -5.0  VOLTS  AC  SUPPLY  FREQUENCY^SOCPS 
-  SOLIO-LINE  CURVES  ^CHOKES  OF  INFINITE 
INDUCTANCE 

LONG-DASH  LINES  =  BOUNDARY  LINES  FOR 

CHOKE  SIZES  AS  SHOWN  - 
SHORT-DASH  CURVES-REGULATION  CURVES 
FOR  REPRESENTATIVE 
CHOKE  SIZES  ,  ,  - 

'  CURRENT-ANO-VOLTAGE  BOUNDARY  LINE  CBA 
IS  THE  SAME  A3  SHOWN  ON  RATING  CHART 


^  aoo  ^ - 

l 


RMa  per  p< 


DC  LOAD  MILLIAMPERI 


100  200  300  400 

DC  LOAD  MILLIAMPERES 

92CM-8447TI 


Refer  to  type  6IJ8A. 

Refer  to  types  6U9  and  6U9/ECF  200. 


5U9 

5U9/LCF201 


Refer  to  chart  at  end  of  section.  5V3 

”o2  nc  FULL-WAVE 

p  VACUUM  RECTIFIER 

NCgy<LL  Glass  octal  type  used  in  power  supplies  of  color  and 

[  black-and-white  television  receivers  and  other  equip- 

(5v^/v  /t)Nc  ment  having  high  dc  requirements.  Outlines  section, 
P  19E;  requires  octal  socket.  Vertical  mounting  is  pre- 

^  ^  ferred,  but  horizontal  mounting  is  permissible  if  pins 

5T  2  and  4  are  in  vertical  plane.  It  is  especially  important 

that  this  tube,  like  other  power-handling  tubes,  be  ade¬ 
quately  ventilated.  For  discussion  of  Rating  Chart,  refer  to  Interpretation 
of  Tube  Data.  Filament:  volts  (ac/dc),  5;  amperes,  3. 

Fail-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage  . 1550  volts 

Peak  Plate  Current  (Per  Plate)  . . 1.4  amperes 

Hot-Switching  Transient  Plate  Current  (Per  Plate)  . . .  6,6  amperes 


volts 

amperes 

amperes 
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AC  Plate-Supply  “Voltage  (Pei*  Plate,  ms,  without  load)  .  550  volts 

Average  Output  Current  (Per  Plate)  . . . .  415°  mA 

c  With  capacitor-input  filter  for  ae  plate-supply  volts  (rms,  per  plate,  without  load)  =  470. 


TYPICAL  OPERATION 

Filter  Input 

AC  Plate-to-PIate  Supply  Voltage  (rms)  . 

Capacitor 

850 

Choke 

1000 

volts 

Filter-Input  Capacitor®  . 

40 

• — - 

liF 

Effective  Plate-Supply  Impedance  per  Plate  . 

50 

— 

ohms 

Minimum  Filter-Input  Choke  . . 

.  . .  — 

10 

henries 

Average  Output  Current  . . 

350 

350 

mA 

DC  Output  at  Input  to  Filter  (Approx.)  . 

440 

390 

volts 

CHARACTERISTICS 

Tube  Voltage  Drop  for  plate  current  of  350  mA 

(per  plate)  .... 

42 

volts 

■  When  capacitor  values  greater  than  40  jiF  are  used,  the  effective  plate-supply  impedance 
should  be  increased  so  that  the  maximum  rating  for  peak  plate  current  is  not  exceeded. 


RATING  CHART 


ISO 
!  100 


TYPE 

£f*5 

5V3A 

VOLTS 

MA) 
AC  j - 

<IMUM 

:hoke 

— CA 

OPERA 

-INPUT 

’ACITOR 

TING  VALUES  K 
FILTER 

-INPUT  FILTEF 

ITH: 

F  A 

T 

B 

22 5F*'" 

— 

— S — 

17 _ 

’  |~ 

-- 

T\^ 

SC 

C 

1 

hoJl  _ 

i\ 

D 

— | — 

1 

t 

i 

i 

i 

— i — 

55 

1 

i 

425 

U _ 

G 

300  400  500  600 

AC  PLATE  SUPPLY  VOLTS  (RMS)  PER  PLATE  (WITHOUT  LOAD) 


5V4G 

5V4GA 


FULL-WAVE 
VACUUM  RECTIFIER 


Glass  octal  types  used  in  full-wave  power  supplies  hav¬ 
ing  high  dc  requirements.  Outlines  section,  25  and 
19B,  respectively;  require  octal  socket.  The  heater  is 
designed  to  operate  from  the  ac  line  through  a  step- 
down  transformer.  The  voltage  at  the  heater  terminals 
should  be  5  volts  under  operating  conditions  at  an  average  line  voltage  of 
117  volts.  It  is  especially  important  that  these  tubes,  like  other  power- 
handling  tubes,  be  adequately  ventilated.  Heater:  volts  (ac/dc),  5;  am¬ 
peres^!,  ■„  ’■ 


Full-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage  . . . . . 

AC  Plate-Supply  Voltage  (Per  Plate,  rms)  : 

With  capacitor-input  filter  . 

With  choke-input  filter  . 

Peak  Plate  Current  (Per  Plate)  . 

Average  Output  Current  . . . . . 

TYPICAL  OPERATION 

Filter  Input 

AC  Plate-to-PIate  Supply  Voltage  (rms)  . 

Filter-Input  Capacitor*  . . . 

Total  Effective  Plate-Supply  Impedance  per  Plate 

Filter-Input  Choke  . 

DC  Output  Voltage  at  Input  to  Filter  (Approx.) 

At  output  current  of  175  mA  . 

*  Higher  values  of  capacitance  than  indicated  may  he  used,  but  the  effective  plate-supply 
impedance  may  have  to  he  increased  to  prevent  exceeding  the  maximum  rating  for  peak 
plate  current. 


Capacitor 

750 

10 

100 


410 


1400 

375 

500 

525 

175 

Choke 

1000 


410 


volts 

volts 

volts 

mA 

mA 


volts 

tiF 

ohms 

henries 

volts 
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OPERATION  CHARACTERISTICS 


DC  LOAD  MILLIAMPERES 

92CM-6090T2 


Refer  to  type  6V6. 

5V6GT 

Refer  to  chart  at  end  of  section. 

5W4 

5W4GT 

Refer  to  chart  at  end  of  section. 

5X4G 

Refer  to  type  6X8. 

5X8 

Refer  to  chart  at  end  of  section. 

5Y3G 

FULL-WAVE 

VACUUM  RECTIFIER 

5Y3GI 

^lass  octa^  type  use(*  *n  Power  supplies  of  radio  and 
/  J — television  equipment  having1  moderate  dc  requirements. 

J  Outlines  section,  13E;  requires  octal  socket.  Vertical 
mounting  is  preferred,  but  horizontal  mounting  is  per- 
0~ir0  missible  if  pins  2  and  8  are  in  horizontal  plane.  It  is 

NC  F  especially  important  that  this  tube,  like  other  power- 

5T  handling  tubes,  be  adequately  ventilated.  For  discussion 

of  Rating  Chart  and  Operating  Characteristics,  refer  to  Interpretation  of 
Tube  Data.  Filament;  volts  (ac),  5;  amperes,  2. 


Full-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage  . 

Peak  Plate  Current  (Per  Plate)  . 

Hot-Switching  Transient  Plate  Current  (Per  Plate)  .... 

AC  Plate  Supply  Voltage  (Per  Plate,  rms)  . 

DC  Output  Current  (Per  Plate)  . 


1400  volts 

440  mA 

2.5  amperes 

See  Rating  Chart 
See  Rating  Chart 


TYPICAL  OPERATION  WITH  CAPACITOR  INPUT  TO  FILTER 

AC  Plate-to-Plate  Supply  Voltage  (rms)  . 

Filter  Input  Capacitor*  . 

Effective  Plate-Supply  Impedance  per  Plate  . . 

DC  Output  Voltage  at  Input  to  Filter  (Approx.) :  . . 

At  half-load  current  of  j  . 

At  full-load  current  of  j  . * 

Voltage  Regulation  (Approx.)  : 

Half-load  to  full-load  current  . . 
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RATING  CHART 


TYPE 

E,*5 

F  A 

5Y3-C 
/OLTS  A 

MAX 

r 

n 

UMUM 
HOKE- 
r  CAPA 

OPE  RAJ 
NPUT  ¥ 

;itor- 

. 

NO  VAi 
ILTER 
NPUT  F 

VES  Wl 

ILTER 

THt 

— 

i 

62.5 

C 

- P-! 

1 

1 

39.5 

1 

1 

— 

— 

1 

1 

1 

1 

D 

1 

_ m 

|35C 

6 

o  too  200  300  400  500 

AC  PLATE  SUPPLY  VOLTS  (RMS)  PER  PLATE  (WITHOUT  LOAD) 


typical  operation  with  choke  input  to  filter 

AC  Plate-to-Plate  Supply  Voltage  (rms) 

Filter  Input  Choke#  ....... - -  ...  •  •  ■  ■  * . . ;  * 

DC  Output  Voltage  at  Input  to  Filter  (Approx.)  . 

At  half -load  current  of  |  62>6  mA  !!'!*!!!!! 

At  full-load  current  of  |  ^5  mA  ]] ’/]!!!!! 
Voltage  Regulation  (Approx.)  : 

Half-load  to  full-load  current  . . . . . 


700 

1000 

volts 

10 

10 

henries 

270 

_ 

volts 

405 

volts 

245 

volts 

380 

volts 

25 

15 

volts 

OPERATION  CHARACTERISTICS 
FULL  -  WAVE  CIRCUIT  CAPACITOR  INPUT  TO  FILTER 


OPERATION  CHARACTERISTICS 

FULL-WAVE  CIRCUIT.  CHOKE  INPUT  TO  FILTER 


'40  80  120 
DC  LOAD  MILLlAMPERES 

92CM-7395T 


40  80  120 
DC  LOAD  MILLI  AM  PERES  ' 

92CM-7394T 
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*  Higher  values  of  capacitance  than  indicated  may  he  used  but  the  effective  plate  supply 
impedance  may  have  to  be  increased  to  prevent  exceeding  the  maximum  rating  for  hot** 
switching  transient  plate  current. 

#This  value  is  adequate  to  maintain  optimum  regulation  in  the  region  to  the  right  of 
line  L  =■■  10H  on  curve  OPERATION  CHARACTERISTICS  with  Choke  Input  to  Filter, 
provided  the  load  currents  are  not  less  than  35  mA  and  50  mA,  respectively,  for  plate-to- 
plate  supply  voltages  of  700  and  1000  volts  (rms). 


Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 


5Y4G 

5Y4GA 

5Y4GT 

5Z3 

5Z4 

6A3 

6A6 

6A7 

6A7S 

6A8 

6A8G 

6A8GT 


HIGH-MU  IRIODE  6AB4 

Miniature  type  used  as  cathode-drive  amplifier,  fre¬ 
quency  converter,  or  oscillator  at  frequencies  up  to 
300  MHz  in  television  and  FM  receivers.  Outlines  sec¬ 
tion,  5C;  requires  miniature  7-contact  socket.  Heater: 
volts  (ac/dc),  6.3;  amperes,  0.15.  For  maximum  ratings, 
characteristics,  and  curves,  refer  to  type  12AT7. 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


6AB5/6M5 

6AB7 

6AC5GT 

6AC7 


Kt2  gt2 


6AC10 


HIGH-MU  TRIPLE  TRIODE 

Duodecar  type  used  in  matrixing  (color-difference) 
l@pT|  circuits  of  color  television  receivers.  Outlines  section, 
in?)  8C;  requires  duodecar  12-contact  socket.  Heater:  volts 
X\z)  6X3  (ac/dc),  6.3;  amperes,  0.6;  average  warm-up  time,  11 
H  seconds;  maximum  heater-cathode  volts,  ±200  peak, 
12FE  100  average. 


Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Plate  Dissipation  . . . . 

CHARACTERISTICS 

Plate  Voltage  . 

Cathode-Bias  Resistor  . . .  . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . . . . . . 


330 

volts 

2 

watts 

200 

volts 

150 

ohms 

62 

10700 

ohms 
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"Transconductance  . . . . . .  ^^9 

Plate  Current  .  . . . . .  •  •  ••  •  ••••  •  •; . . .  * 

Grid  Voltage  (approx.)  for  plate  current  of  100  /iA  . * .  ° 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  . . . . . . ;  •;  ■  J‘° 

6AD6G  Refer  to  chart  at  end  of  section. 

6AD7G  Refer  to  chart  at  end  of  section. 


/Aiwlios 

mA 

volts 

megohm 


6AD10 


12EZ 


BEAM  POWER  TUBE— 

SHARP-CUTOFF  PENTODE 

Duodecar  type  used  as  FM  detector  and  audio-fre¬ 
quency  output  amplifier  in  color  and  black-and-white 
television  receivers.  Outlines  section,  8B;  requires 
duodecar  12-contact  socket. 

Heater  Voltage  (ac/dc)  . . * . 

Heater  Current . . . . . . . . 

Heater-Cathode  Voltage: 

Peak  value  . . . 

Average  value  . . . 

Direct  Inter  electrode  Capacitances : 

Beam  Power  Unit : 

Grid  Noll  to  kathode,  Heater,  Grid  No.2,  Grid  No.3, 

Plate  to  kathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  ........ . .  •  ■•••  •  •  •  •  •  v  . 

Pentode  Unit: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  kathode.  Heater,  Grid  No.2,  Grid  No.3, 

Gidd^N<x!f*to  Cathode,  Heater,  Grid  No.l,  Grid  No.2,  Plate, 

and  Internal  Shield  . 

Grid  No.l  to  Grid  No.3  .  . -  y  -1 . 

Plate  of  Beam  Power  Unit  to  Plate  of  Pentode  Unit  . 

Beam  Power  Unit  as  Class  A*  Amplifier 

MAXIMUM  RATINGS  {Design-Maximum  Values) 

Plate  Voltage  —  ;; . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Plate  Dissipation  . * . 

Grid-No.  2  Input  . . . 

TYPICAL  OPERATION 

Plate  Voltage  . . . . . *  * 

Grid-No.2  Voltage  . . . '  •  •  * . . *  * . 

Grid-No.  1  (Control-Grid)  Voltage  . . 

Peak  AF  Grid-No.  1  Voltage  . 

Zero-Signal  Plate  Current  . . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  .....  .  r.  .  ^  - . .  .  . . 

Maximum-Signal  Grid-No.2  Current  . . . 

Plate  Resistance  (Approx. )  . 

Transconductance  . . . 

Dead  Resistance  . - . . . 

Total  Harmonic  Distortion  . . . 

MAXIMUM  CIRCUIT  VALUES 

Maximum-Signal  Power  Output  . . . 

Grid-No.  1-Circuit  Resistance  : 

For  fixed-bias  operation  . . . .  . . 

For  cathode-bias  operation  . . 

Pentode  Unit  as  Class  Amplifier 

CHARACTERISTICS 

GrideNSoU3Pl(Con??o]|gGridj  * ! ! ! ! ! ! !  i !  I  i ! ! ! !  1 ! ! ! !  ’  Connected  to  negative  end'of  cathode  resistor 

; '  connected  t0  negative 

Cathode-Bias  Resistor  . . * . . .  0  11  megohm 

Plate  Resistance  (Approx.)  . . . . .  ojnft  wmhos 

Transeonductance,  Grid  No.l  to  Plate  . *  *  * . . 


6.3 

volts 

1.05 

amperes 

±200  max 

volts 

100  max 

volts 

0.26 

pF 

11 

pF 

11 

pF 

0.024 

pF 

3.4 

pF 

8 

pF 

9.5 

'  PF 

0.12 

PF 

0.34 

pF 

275 

volts 

275 

volts 

10 

watts 

2 

watts 

250 

volts 

260 

volts 

— 8 

volts 

8 

volts 

35 

mA 

39 

mA 

2.5 

mA 

7 

mA 

0.1 

megohm 

6500 

/OTlllOS 

5000 

ohms 

10 

per  cent 

4.2 

watts 

0.26 

megohm 

0.6 

megohm 

150 

volts 
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Transconductance,  Grid  No.3  to  Plate  . . .  600  /imhos 

Plate  Current  . , . . . .  3,2  mA 

Grid-No, 2  Current  . . . . . . .  3.2  mA 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  20  fiA  .  — AS  volts 

Grid-No. 3  Voltage  (Approx.)  for  plate  current  of  20  fi A  .  — T  volts 

Pentode  Unit  as  FM  Sound  Detector 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 300  volts 

Grid-No. 8  Voltage: 

Negative-bias  value  . .  * — 100  volts 

Positive-bias  value  . 25  volts 

Grid-No. 2  Supply  Voltage  . 300  volts 

Grid-No. 2  Voltage  .  .  See  curve  page  96 

Grid-No.l  Voltage: 

Negative-bias  value  . . . .  — 50  volts 

Positive-bias  value  .  0  volts 

Plate  Dissipation  . 1.7  watts 

Grid-No.3  Input  . 0.1  watt 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 1  watt 

For  grid-No.2  voltages  between  150  and  300  volts . .  See  curve  page  96 

MAXIMUM  CIRCUIT  VALUES 

Grid-No. 3-Circuit  Resistance  .  0.68  megohm 

Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  .  0.22  megohm 

For  cathode-bias  operation  . 0.47  megohm 

Refer  to  chart  at  end  of  section.  6AS5GT 

Refer  to  chart  at  end  of  section.  6AE6G 

Refer  to  chart  at  end  of  section.  6AE7GT 


H 


1C  p 


9C8 


HALF-WAVE  6AF3 

VACUUM  RECTIFIER  12AF3 

Miniature  type  used  as  a  damper  tube  in  horizontal- 
deflection  circuits  of  television  receivers.  Outlines  sec¬ 
tion,  7C;  requires  miniature  9-contact  socket.  Socket 
terminals  1,  2,  3,  6,  7,  and  8  should  not  be  used  as  tie 
points.  It  is  especially  important  that  this  tube,  like 
other  power-handling  tubes,  be  adequately  ventilated. 
Type  12AF3  is  identical  with  type  6AF3  except  for 
heater  ratings. 


6AF3  12AF3 

Heater  Voltage  (ac/dc)  . 6.3  12.6 

Heater  Current  . 1.2  0.6 

Heater  Warm-up  Time  (Average)  .  — -  11 

Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plats?  Voltage#  . . .  4500 

Peak  Plate  Current  . 750 

Average  Plate  Current  . 185 

Bulb  Temperature  (At  hottest  point)  . 210 

Heater-Cathode  Voltage : 

Peak  value  . . -{-300  — 4500 

Average  value  . -f-100  — -1000 


volts 

amperes 

seconds 


volts 

mA 

mA 

°C 

volts 

volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


JDK 


MEDIUM-MU  TRIODE 


6AF4 

6AF4A 

2AF4B,  3AF4A 


Miniature  types  used  as  local  oscillators  in  uhf  tele¬ 
vision  receivers  covering  the  frequency  range  of  470 
to  890  MHz.  Outlines  section,  5C  and  5B,  respectively; 
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require  miniature  7-contact  socket.  Types  2AF4B  and  3AF4A  are  identical 
with  type  6AF4A  except  for  heater  and  heater-cathode  ratings. 


(ac/dc) 


2AF4B 

2.35 

0.6 

11 


±180  max 
100  max 


Heater  Voltage 
Heater  Current 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . 

Direct  Interelectrode  Capacitances:* 

Grid  to  Plate  . . 

Grid  to  Cathode  and  Heater  . . 

Plate  to  Cathode  and  Heater  . . . ••••••  •  •  •  • 

Heater  to  Cathode  (External  Shield  connected  to  plate) 

•  With  external  shield  connected  to  cathode,  except  as  noted. 


3AF4A 

3.15 

0.45 

11 

±50  max 
25  max 


6AF4 

6AF4A 

6.3 

0.225 


±50  max 
25  max 

1.9 

2.2 

1.4 

2.2 


volts 

ampere 

seconds 

volts 

volts 

pF 

pF 

pF 

PF 


Cfass  Ai  Amplifier 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . . 

Cathode-Bias  Resistor  . . *  •  •  • 

Amplification  Factor  , . . . . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  . . . *■' . . 


80 

volts 

150 

ohms 

13.5 

2100 

ohms 

6500 

p,m hos 

17.5 

mA 

UHF  Oscillator 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . . 

Grid  Voltage,  Negative-bias  value  . . 

Grid  Current  . . . . . 

Plate  Dissipation  . . . 

Average  Cathode  Current  . 

TYPICAL  OPERATION  AS  OSCILLATOR  AT  1000  MHz 

Plate  Supply  Voltage  . —  ........ - 

Plate  Resistor  . . . . 

Grid  Resistor  ......  . . 

Plate,  Current  . . . 

Grid  Current  (Approx.)  .  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  fixed-bias  operation  . . . . 

For  cathode-bias  operation  . . . 


150 

volts 

—50 

volts 

2 

mA 

2.5 

watts 

24 

mA 

100 

volts 

220 

ohms 

10000 

ohms 

17 

mA 

750 

IxA 

Not  recommended 
0.5  megohm 
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ELECTRON-RAY  TUBE  6AF6G 

Glass  octal  type  used  to  indicate  visually,  by  means  of 
two  shadows  on  the  fluorescent  target,  the  effects  of 
changes  in  the  controlling  voltages.  It  is  a  twin-indi¬ 
cator  type  and  is  used  as  a  convenient  means  of  indi¬ 
cating  accurate  radio-receiver  turning.  This  type  may 
be  supplied  with  pin  No.  1  omitted.  Tube  requires  octal 
socket.  Heater:  volts  (ac/dc),  6.3;  amperes,  0.15.  Maximum  ratings  in  indi¬ 
cator  service:  fluorescent-target  volts,  250  max,  125  min;  ray-control- 
electrode  supply  volts,  250  max;  peak  heater-cathode  volts,  90  max.  Typical 
operation:  fluorescent-target  volts,  250;  fluorescent-target  mA,  3.75;  ray- 
contact-electrode  volts  (approx,  for  0°  shadow  angle),  155;  ray-control- 
electrode  volts  (approx,  for  100°  shadow  angle),  0. 


DUAL  PENTODE 


6AF9 


KP2.G3p£< 

e3P|,  is 

64  e,P2 


gipj  Miniature  type  used  in  television  receiver  applications. 

Unit  No.l  is  used  as  a  video  output  pentode,  and  unit 
32p(  No,2  as  a  sound  if  amplifier,  age  amplifier,  or  sync 
separator.  Outlines  section,  6L,  except  has  10-pin  base; 
requires  miniature  10-contact  socket. 


Heater  Voltage  (ac/de)  . . . 

Heater  Current  . 

Peak  Heater-Cathode  Voltage  . 

Direct  Interelectrode  Capacitances : 

Plate  to  All  Other  Electrodes  (except  grid  No.l) 
Grid  No.l  to  All  Other  Electrodes  (except  plate) 

Plate  to  Grid  No.l  . . . . . 

Grid  No.l  to  Heater  . . . 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.  2  ...... 

Grid  No.l  of  Unit  No.l  to  Grid  No.l  of  Unit 

No.  2  . . . 

Plate  of  Unit  No.l  to  Grid  No.l  of  Unit  No.2  ... 
Plate  of  Unit  No.2  to  Grid  No.l  of  Unit  No.l  . . 

Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . . 

Plate  Voltage  . .  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage  . 

Cathode  Current  . . . 

Plate  Dissipation  . .  . . . 

Grid-No.2  Input  . 

CHARACTERISTICS 

Plate  Voltage . . . . . 

Grid-No.2  Voltage  . . .  . . . 

Grid-No.  1  (Control-Grid)  Voltage  . . 

Mu  Factor,  Grid  No.l  to  Grid  No.2  . . 

Internal  Resistance  . . . . . 

Transconductance  . . . 

Plate  Current  . . . 

Grid-No.2  Current  . . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . 


Unit  No.l 

7 

12 

0.105 


6.3 
0.85 

±200  max 
Unit  No.2 
11 
10 
0,140 
0.140 

0.150  max 


0.010  max 
0.100  max 
0.005  max 


volts 

ampere 

volts 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 


Unit  No.l 

Unit  No.2 

650 

550 

volts 

250 

250 

volts 

550 

550 

volts 

250 

250 

volts 

60 

15 

mA 

5.1 

1.5 

watts 

2.5 

0.5 

watts 

170 

150 

volts 

170 

150 

volts 

— 2.6 

— 2.1 

volts 

38 

38 

0.032 

0.16 

megohm 

22000 

8500 

//mhos 

30 

10 

mA 

7.2 

3.0 

■  in  A 

megohm 
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DUAL  TRIODE— 
SHARP-CUTOFF  PENTODE 

Duodecar  type  used  in  television  receiver  applications. 
The  high-mu  triode  unit  is  used  for  age  keyer  service, 
the  medium-mu  triode  unit  for  sync  separator  service, 
and  the  pentode  unit  for  video  amplifier  service.  Out¬ 
lines  section,  8C;  requires  duodecar  12-contact  socket. 
Type  15AF11  is  identical  with  type  6AF11  except  for 
heater  ratings. 


6AF11 


Heater  Voltage  (ae/dc)  . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . , . 

Average  value  . 


6AF11  15AFU 

6.3  14.7  volts 

1.05  0.45  amperes 

—  11  seconds 

±200  max  ±200  max  volts 

100  max  100  max  volts 


Class  At  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . . 

Grid-No.2  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage,  Positive- 

bias  value  . . . . . .  . . 

Plate  Dissipation  . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  830 
volts  . . . . . . 

CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . . 

Grid-No.l  Voltage  . 

Cathode-Bias  Resistor  . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  . . . 

Grid-No.2  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  100  (i A  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . . .  . . 


Triode 

Triode 

Pentode 

Unit  No.l 

Unit  No.2  Unit 

330 

330 

330 

volts 

_ 

330 

volts 

— 

See  curve 

page  96 

0 

0 

0 

volts 

1.1 

2 

5 

watts 

— 

1.25 

watts 

— 

— 

See  curve 

page  96 

200 

200 

250 

volts 

— . 

159 

volts 

—2 

volts 

220 

100 

ohms 

68 

41 

. — 

12400 

9400 

68000 

ohms 

5500 

4400 

11000 

,/imhos 

7 

9.2 

24 

mA 

— 

— 

4.8 

mA 

_ _ „ 

— 6.5  '  ' 

—10 

volts 

0.5 

0.5 

0.25 

megohm 

l 

1 

1 

megohm 

6AG5  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  compact  radio  equipment  as  an 
rf  or  if  amplifier  up  to  400  MHz.  Outlines  section,  5C; 
requires  miniature  7-contact  socket.  For  typical  opera¬ 
tion  as  a  resistance-coupled  amplifier,  refer  to  Resist¬ 
ance-Coupled  Amplifier  section. 

Heater  Voltage  (ac/dc)  . . . . . . 

Heater  Current  . . . . . .  •  '• . . .  * . . . 


Direct  Interelectrode  Capacitances: 

Pentode  Unit: 

Grid  No.l  to  Plate  . . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No. 3, 

and  Internal  Shield  . . . .  .  . . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . .  •  * . 

Triode  Unit : 

Grid  No.l  to  Plate  and  Grid  No.2  . •**.-■■■ 

Grid  No.l  to  Cathode,  Heater,  Grid  No.3,  and  Internal  Shield 


6.3  volts 

0.3  ampere 


0.030  max 


6.5 


2.5 

3.6 


pF 

pF 

pF 

pF 

pF 


Technical  Data 


Grid  No. 2  to  Cathode,  Heater,  Grid  No.3,  and  Internal  Shield  . 
Plate  to  Cathode,  Heater,  Grid  No.3,  and  Internal  Shield  . . . 


Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage  . . . 

Grid-No.1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . 

Grid-No. 2/;  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid  No.2  voltages  between  150  and  300  volts 


Triode 

Connection* 

300 


0 

2.5 
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3  pF 

f'3"  pF 


Pentode 

Connection 

300  volts 

300  volts 

See  curve  page  96 
0  volts 

2  watts 

0.5  watt 

See  curve  page  96 


CHARACTERISTICS 

Plate  Supply  Voltage  . . . 

Grid-No.2  Supply  Voltage  . . 

Cathode-Bias  Resistor  . . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . 

Fransconductance  . . . . 

Plate  Current  . .  .  . 

Grid-No.2  Current  . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

id  nA  . . . . 


180 

250 

100 

125 

250 

volts 

_ 

— 

100 

125 

150 

volts 

330 

820 

180 

100 

180 

ohms 

45 

42 

— 

"■  - 

0.008 

0.01 

0.6 

0.5 

0.8 

megohm 

5700 

3800 

4500 

5100 

5000 

/imhos 

7 

5.5 

4.5 

7.2 

6.5 

mA 

'  — 

.  __ 

1.4 

2.1 

2.0 

®A 

— 

— 6 

—6 

—8 

volts 

*  Grid  No.2  connected  to  plate. 


8Y 


POWER  PENTODE  6AG7 

Metal  type  used  in  output  stage  of  video  amplifier  of 
color  and  black-and-white  television  receivers.  Outlines 
section,  2B;  requires  octal  socket. 


Heater  Voltage  (ac/dc)  ................... - ..... . . . . . , , 

Heater  Current  . . . . . .  .  v  i  .  • 

Peak  Heater-Cathode  Voltage  . . . 

Direct  Interelectrode  Capacitances  :• 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  Shell, 

and  Internal  Shield  . . . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  Shell, 
and  Internal  Shield  . . . • 


6.3  volts 

0.65  ampere 

±90  max  volts 

0.06  max  pF 

13  pF 

7.5  pF 


*Pins  1  and  3  connected  to  Pin  No. 5. 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . 

Grid-No.2  Voltage  . . . 

Grid-No.l  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . . . . 

Grid-No.2  Input  . . . 

CHARACTERISTICS 

Plate  Voltage  . 

Grid  No.3  (Suppressor  Grid)  .  .  . . . 

Grid-No.2  (Screen-Grid)  Voltage  . . . 

Grid-No.l  (Control-Grid)  Voltage  . 

Peak  AF  Grid-No.l  Voltage  . . . . . 

Zero-Signal  Grid-No.2  Current  . . 

Maximum-Signal  Grid-No.2  Current  . 

Zero-Signal  Grid-No.2  Current  . . . 

Maximum-Signal  Grid-No.2  Current  . . 

Plate  Resistance  . . . . . 

Transconductanee  . . .  . . . . 

Load  Resistance  . . . . . . 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output  ' .  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . 


300 

volts 

300 

volts 

0 

volts 

9 

watts 

1.5 

watts 

300 

volts 

to  cathode 

at  socket 

150 

volts 

— 3 

volts 

3 

volts 

30 

mA 

30.5 

mA 

7 

mA 

9 

mA 

0.13 

megohm 

11000 

gmhos 

10000 

ohms 

7 

per  cent 

3 

watts 

0.25 

megohm 

1 

megohm 
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6AG11  jmu  DI0DE“TW!N  TRiOOE 

Duodecar  type  containing  two  diodes  and  two  high- 
mu  triodes,  used  primarily  in  FM  stereo  multiplex 
service.  Outlines  section,  8A;  requires  duodecar  12- 
contact  socket.  Heater:  volts  (ac/dc),  6.3;  amperes, 
0.75;  maximum  heater-cathode  volts,  ±200  peak,  100 
average. 

Class  kt  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Plate  Dissipation  . * . 

CHARACTERISTICS 

Plate  Voltage  . . . . 

Grid  Voltage  . . . . . .  . . . 

Amplification  Factor  . . . . .  . . 

Plate  Resistance  (Approx.)  . . . . . . * 

Transconductance  . . . . . . . 

Plate  Current  . . . . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  30  / iA  . 

Diode  Units  (Each  Unit) 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  . . . . 

CHARACTERISTICS 

Tube  Voltage  Drop  for  plate  current  of  18  mA  . 


Pr*  Pr, 


H  H 

12DA 


330 

volts 

2 

watts 

125 

volts 

—1 

volt 

66 

8500 

ohms 

7800 

/imhos 

7.5 

mA 

—5 

volts 

5 

mA 

5 

volts 

6AH4GT 


Refer  to  chart  at  end  of  section. 


6AH6 


Refer  to  chart  at  end  of  section. 


6AK5 

6AK5  /  SHARP-CUTOFF  PENTODE 

EF95 

Miniature  types  used  as  rf  or  if  amplifiers  especially 
in  high-frequency  wide-band  applications  at  frequen¬ 
cies  up  to  400  MHz.  Outlines  section,  5B;  require  min¬ 
iature  7-eontact  socket. 

Heater  Voltage  (ac/ dc)  . . . 

Heater  Current  . . . . . 

Peak  Heater-Cathode  Voltage  - ■  •  . . . . 

Direct  Interelectrode  Capacitances  (Approx.):" 

Grid  Noll  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . :  ■  V  VV  *  V  ‘  ’  ‘j . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.o,  and 

Internal  Shield  . . . . . . 

•  With  external  shield  connected  to  pin  2  or  7. 

Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . * . 

Grid-No. 2  (Screen-Grid)  Voltage  . . . * . 

Grid -No.  2  Supply  Voltage  . . . . 

Grid-No.  1  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . . 

Grid-No. 2  Input :  -  .  _  A  .. 

For  grid-No.2  voltages  up  to  90  volts  ....... .  . . 

For  grid-No.2  voltages  between  90  and  180  volts  . 

Cathode  Current  . •••■•- . . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . 

Grid-No.2  Supply  Voltage  . . -  *  -  * * 


IBB 


6.3 

volts 

0.175 

ampere 

±:90  max 

volts 

0.02  max 

pF 

4.0 

pF 

2.8 

pF 

180 

volts 

See  curve  page  96 

180 

volts 

0 

volts 

1.7 

watts 

0.5 

watt 

See  curve  page  96 

18 

mA 

180 

volts 

120 

volts 

Technical  Data 


Cathode-Bias  Resistor  . . . . 

Plate  Resistance  (Approx.)  . .  . . . . 

Transconductance  .  . . . 

Plate  Current  . . . 

Grid-No. 2  Current  . . . . 

Grid-No.l  Voltage  for  plate  current  of  10  jxA  ...... 
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180 

180 

ohms 

0.3 

0.6 

megohm 

6000 

6100 

#mhos 

7.5 

7.7 

mA 

2.5 

2.4 

mA 

■ — 8.5 

—8.5 

volts 

HALF-WAVE 
VACUUM  RECTIFIER 

Miniature  type  used  as  damper  tube  in  horizontal-de¬ 
flection  circuits  of  black-and-white  television  receivers. 
Outlines  section,  7D;  requires  miniature  9-contact 
socket.  Socket  terminals  1,  2,  3,  6,  7,  and  8  should  not 
be  used  as  tie  points.  It  is  especially  important  that 
this  tube,  like  other  power-handling  tubes,  be  ade¬ 
quately  ventilated.  Heater:  volts  (ac/dc),  6.3;  amperes, 
1.55. 


Damper  Service 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage#  (Absolute  maximum)  . . .  7500®  volts 

Peak  Plate  Current  . .  . .  . . .  .  . .  . . . ..........  650  mA 

Average  Plate  Current  . . . . . . . . . .  220  mA 

Plate  Dissipation  . . . ........  5  watts 

Peak  Heater-Cathode  Voltage  . . . . .  6600  volts 


c  Under  no  circumstances  should  this  absolute  value  be  exceeded. 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


6AL5 

TWIN  DIODE  SALS,  12AL5 

Miniature,  high-perveance  type  used  as  detector  in  FM 
and  television  circuits,  especially  as  a  ratio  detector  in 
ac-operated  FM  receivers.  Each  diode  section  can  be 
used  independently  of  the  other,  or  the  two  sections 
can  be  combined  in  parallel  or  full-wave  arrangement. 
Resonant  frequency  of  each  unit  is  approximately  700 
MHz.  Outlines  section,  5B;  requires  miniature  7-contact  socket.  Types  3AL5 
and  12AL5  are  identical  with  type  6AL5  except  for  heater  ratings. 


3AL5 

6AL5 

12AL5 

Heater  Voltage  (ac/dc)  . . . 

3.15 

6.3 

12.6 

volts 

Heater  Current  . . 

0.6 

0.3 

0.15 

ampere 

Heater  Warm-up  Time  (Average)  . . 

11 

— ■ 

±330  max 

seconds 

Peak  Heater-Cathode  Voltage . . 

±330  max  ±330  max 

volts 

Direct  Interelectrode  Capacitances  : 

Plate  No.l  to  Cathode  No.l,  Heater,  and 

Internal 

Shield  .... 

2.5 

pF 

Plate  No.2  to  Cathode  No.  2,  Heater,  and 

Internal 

Shield . 

2.5 

pF 

Cathode  No.l  to  Plate  No.l,  Heater,  and 

Internal 

Shield  .... 

3.4 

pF 

Cathode  No.2  to  Plate  No.2,  Heater,  and 

Internal 

Shield  .... 

3.4 

0.068  max 

pF 

pF 

Half-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

330 

volts 

54 

mA 

9 

mA 

TYPICAL  OPERATION 

AC  Plate  Voltage  per  Plate  (rms)  . . 

.  . . . 

117 

volts 

Min.  Total  Effective  Plate-Supply  Impedance  per  FlfSfc© 

- . . .  . 

300 

ohms 

Average  Output  Current  per  Plate 

9 

mA 
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AVERAGE  CHARACTERISTICS 


HALF-WAVE  RECTIFICATION-SINGLE  DIODE 


OC  VOLTS  DEVELOPED  BY  DIODE 
92GS-656IT 

6AL7GT  Refer  to  chart  at  end  of  data  section. 


6AL1 1  BEAM  POWER  TUBE— 

10AL11,  I2ALU  SHARP-CUTOFF  PENTODE 

Duodecar  type  used  as  FM  detector  and  audio-fre¬ 
quency  output  amplifier  in  television  receivers.  Outlines 
section,  SC;  requires  duodecar  12-contact  socket.  Types 
10AL11  and  12AL11  are  identical  with  type  6AL11  ex¬ 
cept  for  heater  ratings. 


Pp  Gj>p 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . . 


6AL11  10AL11 

6.3  9.8 

0.9  0.6 

—  11 

±200  max  ±200  max 
100  max  100  max 


12  ALII 

12.6  volts 

0.45  ampere 

11  seconds 

±200  max  volts 

100  max  volts 


Direct  Interelectrode  Capacitance: 

Beam  Power  Unit: 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3, 

and  Internal  Shield  .  . . . 

Plate  to  Cathode,  Heater,  Grid  No. 2,  Grid  No. 3, 

and  Internal  Shield  .  . . . . . . 

Pentode  Unit : 

Grid  No.l  to  Plate  . . . . .  .  . . 

Grid  No.3  to  Plate  . . . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . . . 

Grid  No.3  to  Cathode,  Heater,  Grid  No.l,  Grid  No.2, 

Plate,  and  Internal  Shield  . . . 

Grid  No.l  to  Grid  No.3  .  . . 

Pentode  Plate  to  Beam  Power  Plate  . . . . . 


0.26 

11 

12 


0.034 

3.2 

6.5 

7.5 
0.24 
0.12 


pF 

pF 

pF 

pF 

pF 

PF 


pF 

pF 

pF 


Beam  Power  Unit  as  Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . >*  275 

Grid-No.  2  (Screen-Grid)  Voltage  .  2T* 

Plate  Dissipation  . . . . .  ,  . . . -  -  -  -  10 

Grid-No.  2  Input  . . ........ . . .  2 


volts 

volts 

watts 

watts 


Technical  Data 
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TYPICAL  OPERATION 

Plate  Voltage  . . 250  volts 

■Grid-No.2  Voltage  . 1 ..................  1 ....... .  250  volts 

Grid-No.  1  (Control-Grid)  Voltage  . .  — 8  volts 

Peak  AF  Grid-No.  1  Voltage  .  8  volts 

Zero-Signal  Plate  Current  .  . . 35  mA 

Maximum-Signal  Plate  Current  . 39  mA 

Zero-Signal  Grid-No.2  Current  . . . .  2.5  mA 

Maximum-Signal  Grid-No.2  Current  . . 7  mA 

Plate  Resistance  (Approx.)  . . 0.1  megohm 

Transconductance  . 6500  pmhos 

Load  Resistance  .  5000  ohms 

Total  Harmonic  Distortion  . . . . . .  10  per  cent 

Maximum-Signal  Power  Output  . . 4.2  watts 

MAXIMUM  CIRCUIT  VALUE 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . ". .  0.25  megohm 

For  cathode-bias  operation  . , . . .  0.5  megohm 

Pentode  Unit  as  Class  Ai  Amplifier 

CHARACTERISTICS 

Plate  Supply  Voltage  . .  ....  . . . . . .  150  volts 

Grid-No.3  (Suppressor-Grid)  Voltage  . . 0  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  ..............  ... .  . .  100  volts 

Cathode-Bias  Resistor  . . 560  ohms 

Plate  Resistance  (Approx.)  . 0.15  megohm 

Transconductance,  Grid  No.l  to  Plate  . .  1000  /imhos 

Transconductance,  Grid  No. 3  to  Plate  .  400  /imhos 

Plate  Current  .  1-3  *nA 

Grid-No.2  Current  . 2.1  mA 

Gi*id-No.l  Voltage  (Approx.)  for  plate  current  of  30  fi A  .  — 4.5  volts 

Grid-No.3  Voltage  (Approx.)  for  plate  current  of  50  p, A  ........  — 4.5  volts 

Pentode  Unit  as  FM  Detector 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  330  volts 

Grid-No.3  Voltage  . 28  volts 

Grid-No.2  Supply  Voltage  .  330  volts 

Grid-No.2  Voltage  . . . .  See  curve  page  96 

Grid-No. 1  (Control-Grid)  Voltage,  Positive-bias  value  . .  0  volts 

Plate  Dissipation  .  1-7  watts 

Grid-No.2  Input: 

For  grid-No,2  voltages  up  to  165  volts  . .  1.1 

For  grid-No.2  voltages  between  165  and  330  volts  . .  See  curve  page  96 

Refer  to  chart  at  end  of  section.  6AM4 

Refer  to  chart  at  end  of  section.  6AM8 


9CY 


diode-  6AM8A 

SHARP-CUTOFF  PENTODE  5AM8 

Miniature  type  used  in  television  receiver  applications. 
The  pentode  unit  is  used  as  an  if  amplifier,  video  am¬ 
plifier,  or  age  amplifier.  The  high-perveance  diode  is 
used  as  an  audio  detector,  video  detector,  or  dc  re¬ 
storer.  Outlines  section,  6B;  requires  miniature  9-con- 
tact  socket.  Type  5AM8  is  identical  with  type  6  AMS  A 
except  for  heater  ratings. 


5AM8  6AM8A 

Heater  Voltage  (ac/dc)  .  4.7  6.3  volts 

Heater  Current  .  0.6  0.45  ampere 

Heater  Warm-up  Time  (Average)  .  100  max  100  max  volts 

Heater-Cathode  Voltage : 

Peak  value  .  ±200  max  ±200  max  volts 

Average  value  .  100  max  100  max  volts 


Direct  Interelectrode  Capacitances : 

Diode  Unit:  ...  '  •  ■; 

Plate  to  Cathode  and  Heater  ..........  it. .  ^ .  1.8  pF 

Cathode  to  Plate  and  Heater  ... . .  3  pF 

Pentode  Unit : 

Grid  No.l  to  Plate  . .  0.015  .  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3  and 

Internal  Shield  . .... . . .  6.5  pF 

Plate  to  Cathode,  Heater,  Grid  No,2,  Grid  No.3,  and 
Internal  Shield  . . . . .  2.6  pF 
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Pentode  Grid  No.t  to  Diode  Plate 
Pentode  Plate  to  Diode  Cathode  . 
'Pentode  Plate  to  Diode  Plate  . .  . 


0.008 

pF 

0.15 

pF 

0.1 

pF 

l  cc 

O  W 


in 

% 

OU 


TYPE  6AM8A  PENTODE  UNIT 
GRID  No. 3  AND  INTERNAL  SHIELD 
-  CONNECTED  TO  CATHODE  AT  SOCKET,  H 
GRID-No.2  VOLTS  *  150 


0  50  100  150  200  250  300 


PLATE  VOLTS  92CS-8505T2 


Pentode  Unit  as  Class  AL  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid-No. 8  (Suppressor-Grid)  Voltage,  Positive  value  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid -No.  2  Voltage  . . . . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . . . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . . 

For  grid-No.2  voltages  between  165  and  380  volts  . 


830  volts 

0  volts 

830  volts 

See  curve  page  96 
0  volts 

8.2  watts 

0,55  watt 

See  curve  page  96 


CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid  No. 3  . 

Grid-No.2  Supply  Voltage  . . . . . 

Cathode-Bias  Resistor 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . . . . . 

Plate  Current  . . . . . 

Grid-No.2  Current  . . ; . . . . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  20  fiA 
Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  2  mA  . 
MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance: 

For  lixed-bias  operation  . . . . 

For  cathode-bias  operation  . . . . 


.  125  volts 

Connected  to  cathode  at  socket 

.  125  volts 

.  56  ohms 

.  0.3  megohm 

.  7800  /imh  os 

.......  12.5  mA 

.  3,2  mA 

.......  —6  volts 

.  — 3  volts 


0.25  megohm 

1.0  megohm 


Diode  Unit 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Average  Plate  Current  . .  5 


6AN4  HIGH-MU  TRI0DE 

Miniature  type  used  as  mixer  or  rf  amplifier  in  cath¬ 
ode-drive  circuits  of  uhf  television  tuners  covering  the 
frequency  range  of  470  to  890  MHz.  Outlines  section, 
5B;  requires  miniature  7-contact  socket. 


7DK 


Technical  Data 


Heater  Voltage  (ac/dc)  . . . . . 

Heater  Current  . . . . . . . , . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . 

Direct  Inter  electrode  Capacitances  : 

Grid  to  Plate  . . . .  .  . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . . 

Heater  to  Cathode  . 

Grid  to  Cathode  . . . 

Plate  to  Cathode  . . . . 

Cathode  to  Grid  and  Heater  . . . 

Plate  to  Grid  and  Heater  . 

0  With  external  shield  connected  to  cathode. 

*  With  external  shield  connected  to  ground. 

*  With  external  shield  connected  to  grid. 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . 

Cathode  Current  .  .  .  . . . . 

Plate  Dissipation  . . 

CHARACTERISTICS 

Plate-tSupply  Voltage  . . . 

Cathode-Bias  Resistor  . . .' . . . 

Amplification  Factor  . . 

Transconductance  . . .  .  . . . . 

Plate  Current  . . . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  20  /xA 
MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . . . . . 
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6.3 

volts 

0.225 

ampere 

±200  max 

volts 

100  max 

volts 

1,7° 

pF 

3.3® 

pF 

pF 

1.8“ 

2.0* 

PF 

2.6* 

pF 

0.18* 

PF 

5.7* 

PF 

3.4* 

pF 

300 

volts 

30 

mA 

4 

watts 

200 

volts 

100 

ohms 

70 

10000 

/xmhos 

13 

mA 

— 7 

volts 

0.1 

megohm 

0.5 

megohm 

Refer  to  chart  at  end  of  section. 


6AN8 


H 


9DA 


MEDIUM-MU  TRIODE  6AN8A 

SHARP-CUTOFF  PENTODE  SANS 

Miniature  type  used  in  color  television  receiver  ap¬ 
plications.  The  pentode  unit  is  used  as  an  intermediate- 
frequency  amplifier,  a  video  amplifier,  an  age  amplifier, 
or  a  reactance  tube.  The  triode  unit  is  used  in  low- 
frequency  oscillator,  sync-separator,  sync-clipper,  and 
phase-splitter  circuits.  Outlines  section,  6R;  requires 
miniature  9-contact  socket.  Type  5AN8  is  identical 
with  6AN8A  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  ........ 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  .  . . . . . 

Average  value  ............. 


5AN8  6  ANSA 

4.7  6.3  volts 

0.6  0.45  ampere 

II  11  seconds 

±200  max  ±200  max  volts 

100  max  100  max  volts 


Direct  Interelectrode  Capacitances: 

Triode  Unit: 

Grid  to  Plate  . . . 1,5 

Grid  to  Cathode  and  Heater  . .  2.0 

Plate  to  Cathode  and  Heater  . .  0.26 

Pentode  Unit : 

Grid  No.l  to  Plate  . . . . . .  0.04  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . . . . . . .  7 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . .  2.4 

Triode  Grid  to  Pentode  Plate  . 0,02 

Pentode  Grid  No.l  to  Triode  Plate  . .  0.02 

Pentode  Plate  to  Triode  Plate  . .  0.15 


pF 

pF 

PF 


pF 

PF 

pF 

pF 

pF 

PF 


PLATE  MILUAMPERES 
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Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No. 2  Supply  Voltage  . . . . .  . . 

Grid-No.2  (Screen-Grid)  Voltage  .  .  .  . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 


Triode  Unit  Pentode  Unit 
330  330 

—  330 

— See  curve  page  96 
0  0 

2.8  2.3 

—  0.55 

— See  curve  page  96 


CHARACTERISTICS 

Plate  Supply  Voltage  . 

150 

125 

volts 

Grid-No.2  Supply  Voltage  . 

*— 

125 

volts 

Grid-No.l  Voltage  . 

—3 

__ 

volts 

Cathode- Bias  Resistor  . 

— 

56 

ohms 

Amplification  Factor  . 

21 

— 

ohms 

Plate  Resistance  (Approx.)  . 

4700 

170000 

Transconductance  .  .  .  . . 

4500 

7800 

/xmhos 

Plate  Current  . 

15 

12 

mA 

Grid-No.2  Current  . 

— 

3.8 

mA 

Grid-No.l  Voltage  (Approx.)  for 
20  //A  . 

plate 

current 

of 

— 17 

— 6 

volts 

Grid-No.l  Voltage  (Approx.)  for 
1.6  mA  . . . . 

plate 

current 

of 

— 

— 3 

volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance  :* 

For  fixed-bias  operation 

0.5 

0.25 

megohm 

For  cathode-bias  operation  .  . 

1.0 

1.0 

megohm 

•  If  either  unit  is  operating  at  maximum  rated  conditions,  grid-No.  1-circuit  resistance  for 
both  units  should  not  exceed  the  stated  values. 


TYPE  6AN8A  PENTODE  UNIT 
GRID-No.2  VOLTS -150 _ 


PLATE  VOLTS  92CS-8206T 


V) 

ai 

£  25 
Q. 

_ (V 

<  20 

.J 

_) 

--  15 

s/ 

-§L 

Ul 

1*”  1 A 

5 

lEH 

■ 

WA 

TYPE  6AN8A 
TRIODE  UNIT 


i 

100  200  300  -400 

PLATE  VOLTS  92CS-e209T 


6AQS 


liefer  to  chart  at  end  of  section. 


6AQ5A  BEAM  POWER  TUBE 

5AQ5,  12AQ5  H(a/ / 

Miniature  type  used  as  output  amplifier  primarily  in 
automobile  receivers  and  in  ac-operated  receivers  and,  K(g s/®g\ 
triode-connected,  as  a  vertical-deflection  amplifier  in  03 
television  receivers.  Outlines  section,  5D;  requires  cM 

miniature  7-contact  socket.  Within  its  maximum  rat-  7BZ 

ings,  the  performance  of  this  type  is  equivalent  to  that  of  larger  types  6V6 
and  6V6GTA.  Types  5AQ5  and  12AQ5  are  identical  with  type  6AQ5A 
except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . i  ........  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


5AQ5 

6AQ5A 

12AQ5 

4.7 

6.3 

12.6 

0.6 

0.45 

0.225 

11 

11 

-  — 

±200  max 

±200  max 

±200  max 

100  max 

100  max 

100  max 

Technical  Data 
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Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  No.l  to  Plate  .  0.4  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  _  8  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  8.5  pF 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  27&-  .  •  volts 

Grid-No.2  (Screen-Grid)  Voltage  . 275  volts 

Plate  Dissipation  .  . . 12  watts 

Grid-No.2  Input  . 2  watts 

Bulb  Temperature  (At  hottest  point)  . 250  °C 

CHARACTERISTICS 

Plate  Voltage  . 250  volts 

Grid-No.  1  Voltage  .  — 12.5  volts 

Amplification  Factor  . .  9.5 

Plate  Resistance  (Approx.)  .  1970  ohms 

Transconductance  .  4800  /tmhos 

Plate  Current  .  49.5  ma 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  0.5  mA  .  —37  volts 

TYPICAL  OPERATION 


Same  as  for  type  6V6GTA  within  the  limitations  of  the  maximum  ratings. 


MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1 -Circuit  Resistance : 
For  fixed-bias  operation  . 
For  cathode-bias  operation 


0.1  megohm 

0.5  megohm 


Vertical  Deflection  Amplifier  (Triode  Connection)0 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  .  275  volts 

Peak  Positive-Pulse  Plate  Voltage#  .  1100  volts 

Peak  Negative-Pulse  Grid-No.l  (Control-Grid)  Voltage  .  — 275  volts 

Peak  Cathode  Current  . .  115  mA 

Average  Cathode  Current  .  40  mA 

Plate  Dissipation  . 10  watts 

Bulb  Temperature  (At  hottest  point)  .  250  °C 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance,  for  cathode-bias  operation  .  2.2  megohms 


°  Grid  No.2  connected  to  plate. 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


Refer  to  chart  at  end  of  section. 


6AQ6 


6AQ7GT 


Refer  to  chart  at  end  of  section, 
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6AQ8 

6AQ8/  HIGH-MU  TWIN  TRIODE 

ECC85 

Miniature  types  used  as  rf  amplifier  and  self-oscillat¬ 
ing  mixer  in  FM/AM  radio  receivers.  Outlines  section, 
6B;  requires  9-contact  socket. 


Heater  Voltage  (ae/dc)  . . . 

Heater  Current  .  . . 

Peak  Heater-Cathode  Voltage  . . 

Direct  Interelectrode  Capacitances: 

Grid  to  Plate  . . . 

Cathode  to  Plate  . . . .  u. .  . 

Grid  to  Cathode,  Heater,  and  Internal  Shield 
Plate  to  Cathode,  Heater,  and  Internal  Shield 

Plate  to  Grid  of  Other  Unit  . . 

Plate  to  Cathode  of  Other  Unit  . . 

Grid  to  Cathode  of  Other  Unit  .  ■ 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  . 
Grid  of  Unit  No.l  to  Grid  of  Unit  No.2 


Unit  No.l 

1.5 

0.18 

3 

1.2 

0.008  max 
0.008  max 
0.003  max 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values,  Each  Unit) 

Plate  Supply  Voltage  . . . . . . 

Plate  Voltage  ...  .  . * . . 

Grid  Voltage,  Negative-bias  value  . . . 

Cathode  Current  . . . . . . 

Plate  Dissipation  : 

For  either  plate  . . . 

For  both  plates  with  both  units  operating  . 

CHARACTERISTICS 


Plate  Voltage  . . 

Grid  Voltage,  Negative-bias  value  . . 

Plate  Current  .  .  . . . . . . 

Transconductance  . .  -4 . 

Amplification  Factor  . 

TYPICAL  OPERATION  (Each  Unit) 

Plate  Supply  Voltage  . . . 

Plate  Vbltage  . . . 

Plate  Resistor  . . 

Grid  Resistor  . . . . . . 

Grid  Voltage  . .  . . 

RMS  Oscillator  Voltage  . . 

Cathode-Bias  Resistor  . . . 

Plate  Resistance  (Approx.)  - ........... 

Transconductance  . . . . 

Conversion  Transconductanee  . . 

Input  Resistance  at  frequency  of  100  MHz 

Plate  Current  . . . 

Equivalent  Noise  Resistance  . 

MAXIMUM  CIRCUIT  VALUES  (Each  Unit) 


RF 

Amplifier 

250 

230 

1800 

— 2 

200 

9700 

6000 

6000 

10 

500 


Grid-Circuit  Resistance  . •  ■  •  • 

Resistance  between  Cathode  and  Heater 


H 


9AJ 


6.3 

volts 

0.435 

ampere 

±90  max 

volts 

Unit  No.2 

1.5 

pP 

0.18 

rP 

3 

pP 

1.2 

pP 

0.008  max 

pF 

0.008  max 

pF 

0.003  max 

pF 

0.04  max 

pP 

0.003  max 

pP 

550 

volts 

300 

volts 

100 

volts 

15 

mA 

2.5  watts 

4.5  watts 


250  volts 

—2.3  volts 

10  mA 

5900  //.mhos 

57 


Converter 


250 

volts 

_ 

volts 

12000 

ohms 

1 

megohm 

_ 

volts 

3 

volts 

_ 

ohms 

22000 

ohms 

//.mhos 

2300 

//mhos 

15000 

ohms 

5.2 

mA 

ohms 

1 

megohm 

20000 

ohms 

6AR5 


Refer  to  chart  at  end  of  section. 


6AR8  BEAM-DEFLECTION  TUBE 

Miniature  type  used  in  color-demodulator  and  burst-  ^ 
gate  circuits  in  color  television  receivers.  This  type  has  3 
two  plates  and  two  deflecting  electrodes;  the  control 
grid  varies  beam  deflection.  Outlines  section,  6E;  re-  oj| 
quires  miniature  nine-contact  socket.  Pin  5  should  be 
collected  to  cathode  at  socket.  The  6AR8  should  be  so 
ld&ted  in  the  equipment  that  it  is  not  subjected  to 
stray  magnetic  fields.  Heater:  volts  (ae/dc),  6.3;  amperes, 


H/Us 


9DP 

0.3. 


Technical  Data 
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Color  TV  Demodulator 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  (Each  Plate)  .  .  .  . . . .  . . . 

Peak  Deflecting-Electrode  Voltage  (Each  Electrode) : 

Negative  value  . . . . . 

Positive  value  . . . . . . . . 

Grid-No. 3  (Accelerating-Grid)  Voltage  .  . . 

Grid-No.  1  (Control-Grid)  Voltage*  Positive-bias  value  . 

Cathode  Current  . . . . . . . 

Plate  Dissipation  (Each  Plate)  . . . . . 

Grid-No.3  Input  . . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No. 1  Circuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . . . 


Class  Ai  Amplifier 

With  both  plates  connected  together  and  with  both 
deflecting  electrodes  connected  to  cathode  at  socket 


CHARACTERISTICS 

Plate-No.  1  Supply  Voltage  . 250  volts 

Plate-No.2  Supply  Voltage  . 250  volts 

Grid-No. 8  Voltage  . 250  volts 

Cathode-Bias  Resistor  . . . , . .  800  oh.ms 

Transconductance  . . . .  4000  /tmhos 

Total  Plate  Current  . .  10  mA 

Grid-No. 3  Current  . 0.4  mA 

Grid-No.l  Voltage  (Approx.)  for  total  plate  current  of  10  ft  A  .....  —14  volts 


• 

300 

volts 

—150 

volts 

150 

volts 

300 

volts 

0 

volts 

30 

mA 

2 

watts 

1 

watt 

0.1 

megohm 

0.2S 

megohm 

120M 


SEMIREMOTE-CUTOFF 
TWIN  PENTODE 


6AR11 

8AR11,  11AR11 


Duodecar  type  used  as  if -amplifier  tube  in  television 
receivers.  Outlines  section,  8A;  requires  duodecar  12- 
contact-socket.  Types  8AR11  and  11AR11  are  identical 
with  type  6AR11  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . 

6AR11 

6.3 

8AR11 

8.4 

11AR11 

11.2 

volts 

Heater  Current  . . 

0.8 

0.6 

0.45 

ampere 

Heater  Warm-up  Time  (Average)  . 

— 

11 

11 

seconds 

Heater-Cathode  Voltage : 

Peak  value  . . . 

±200  max 

±200  max 

±200  max 

volts 

Average  value  . . 

100  max 

100  max 

100  max 

volts 

Direct  Interelectrode  Capacitances: 
Grid  No.l  to  Plate  . . . 

Unit  No.l 
.  0.026 

Unit  No.2 
0.026 

pF 

Grid  No.l  to  Cathode,  Heater, 
No.  3,  and  Internal  Shield  . 

Grid  No. 2, 

Grid 

10 

10 

pF 

Plate  to  Cathode,  Heater,  Grid 
and  Internal  Shield  ....... 

No.2,  Grid 

No.3, 

2.8 

3 

PF 

Grid  No.l  to  Plate  of  Other  Unit  . 

0.002 

0.002 

pF 

Plate  of  Unit  No.l  to  Plate  of 

Unit  No.2  . 

0.02 

pF 

Class  A.  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values,  Each  Unit) 

Plate  Voltage  . . . . . . .  330  volts 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value  . 0  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 330  volts 

Grid-No. 2  Voltage  . . . . . . .  See  curve  page  96 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . . .  0  volts 

Plate  Dissipation  . 3.1  watts 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  .  0.65  watt 

For  grid-No.2  voltages  between  165  and  330  volts  .  See  curve  page  96 


CHARACTERISTICS  (Each  Unit) 

Plate  Supply  Voltage  .  .  .  . . .  . . . .  125  volts 

Grid  No.3  . . . . . .  Connected  to  cathode  at  socket 
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125 

volts 

ohms 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . . . 

0.2 

10500 

megohm 

/mhos 

Plate  Current  . . . 

11 

mA 

Grid*No*2  Cut  vent  .  *  .  ,  ,  .  .....  .  .  .....  ►.  . . .  .  .....  ,  , ,  . ,  ..  .  * 

3.5 

raA 

Grid-No.l  Voltage  (Approx.)  for  transconductance  of  60  jumhos  . , 

— 15 

volts 

6AS5  BEAM  POWER  TUBE 

Miniature  type  used  as  output  amplifier  primarily  in 
automobile  and  in  ac-operated  receivers.  Outlines  sec¬ 
tion,  5D;  requires  miniature  7-contact  socket.  For 
curves  of  average  plate  characteristics,  refer  to  type 
35C5. 

Heater  Voltage  (ac/dc)  . . . . . . 

Heater  Current  . 

Peak  Heater-Cathode  Voltage  . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . . .  •  •  •  •  •  •  ■  v  ••••••■ 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  - 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Plate  Dissipation  . . . . 

Grid-No.2  Input  . . . 

Bulb  Temperature  (At  hottest  point)  ....  . . . 

TYPICAL  OPERATION 

Plate  Voltage  . . . 

Grid-No.2  Voltage  .... . . .  — . 

Grid-No.  1  (Control-Grid)  Voltage  . 

Peak  AF  Grid-No.  1  Voltage  . . . . 

Zero-Signal  Plate  Current  . * . 

Maximum-Signal  Plate  Current  . . . 

Zero-Signal  Grid-No.2  Current  (Approx.) 

Maximum-Signal  Grid-No.2  Current  (Approx.)  . . 

Transconductance  . . . 

Load  Resistance  . . . 

Total  Harmonic  Distortion  . . . . 

Maximum-Signal  Power  Output  . . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1 -Circuit  Resistance: 

For  fixed-bias  operation  . . . . 

For  cathode-bias  operation  . . . 


H  H 


7CV 


6.3 

volts 

0.8 

ampere 

±100  max 

volts 

0.6 

pF 

12 

pF 

9.0 

pF 

150 

volts 

117 

volts 

5.5 

watts 

1.0 

watt 

250 

°c 

150 

volts 

110 

volts 

—8.5 

volts 

8.5 

volts 

35 

mA 

36 

mA 

2 

mA 

6.5 

mA 

5600 

//mhos 

4500 

ohms 

10 

per  cent 

2.2 

watts 

0.1  megohm 

0.5  megohm. 


6AS8  DIODE—  H  (k  >0 

5ASS  SHARP-CUTOFF  PENTODE  Qgdg  03p 

Miniature  type  used  in  television  and  radio  receiver  *p(3Y 

applications.  The  pentode  unit  is  used  as  an  if  ampli- 

fier,  video  amplifier,  or  age  amplifier.  The  high-per-  G|p  /l/W, 

veance  diode  is  used  as  an  audio  detector,  video  de- 

tector,  or  dc  restorer.  Outlines  section,  6B;  requires  p  pp 

miniature  9-contact  socket.  For  curve  of  average  plate  90S 

characteristics  of  pentode  unit,  see  type  6AN8A.  Type  5AS8  is  identical 

with  type  6AS8  except  for  heater  ratings. 

5  AS  8  6AS8 

Heater  Voltage  (ac/dc)  . . . , .  4.7  6.3  volts 

Heater  Current  .  0-6  0.45  ampere 

HeAter  Warm-up  Time  (Average)  .  11  —  seconds 


Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


±200  max  ±200  max  volts 

100  max  100  max  volts 
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Direct  Interelectrode  Capacitances : 

Diode  Unit : 

Plate  to  Cathoe,  Heater,  Pentode  Grid  No.3,  and 

Internal  Shield  . . . . . . 

Pentode  Unit: 

Grid  No.l  to  Plate  . ,  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . . . . .  . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . . 

Pentode  Grid  No.l  to  Diode  Plate  . . . 

Pentode  Plate  to  Diode  Cathode  . . 

Pentode  Plate  to  Diode  Plate  . . 


Pentode  Unit  as  Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 

Grid-No. 3  (Suppressor-Grid)  Voltage,  Positive  value  . 

Grid-No.2  Supply  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  .  .  ....  .  ..........  .  .  .  .  .  ...  . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  . . . . . 

Plate  Dissipation  . . . .  i  .; ...  .  .  . .  . . . •: ..... 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . . . . . 

For  grid-No.2  voltages  between  150  and  300  volts  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid  No.3  .  Connected 

Grid-No.2  Supply  Voltage  . . . 

Cathode-Bias  Resistor  .  .  .  . . . 

Plate  Resistance  (Approx.)  . . . . . 

Trans  conductance  . . . . . . 

Plate  Current  . 

Grid-No.2  Current  . . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  10  A  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1 -Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . 

Diode  Unit 

MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage  . . . 

Peak  Plate  Current  . . . . 

Average  Plate  Current  . . . 


pF 

0.03 

pF 

7 

pF 

2.4 

pF 

0.005  max 

pF 

0.15  max 

pF 

0.10  max 

pF 

300 

volts 

0 

volts 

300 

volts 

See  curve  page  96 

0 

volts 

2.5 

watts 

Q;5 

watt 

See  curve  page  96 

200 

volts 

to  cathode 

at  socket 

150 

volts 

180 

ohms 

100000 

ohms 

6200 

jumhos 

9.5 

mA 

3 

m  A 

— 8 

volts 

0.25 

megohm 

1.0 

megohm 

330 

volts 

50 

mA 

5 

mA 

6AS11 


Refer  to  chart  at  end  of  section. 


7BT 


TWIN  DIODE—  6AT6 

HIGH-MU  TRIODE  I2AT6 

Miniature  type  used  as  a  combined  detector,  amplifier, 
and  avc  tube  in  automobile  and  ac-operated  radio  re¬ 
ceivers.  Outlines  section,  5C;  requires  miniature  7-con¬ 
tact  socket.  For  typical  operation  as  resistance-coupled 
amplifier  refer  to  Resistance-Coupled  Amplifier  sec¬ 
tion.  Type  12AT6  is  identical  with  type  6 AT6  except 
for  heater  ratings. 


CATS  12AT6 


Heater  Voltage  (ac/dc)  .  6.3  12.6 

Heater  Current  . . . . . .  . .  . . .  0.3  0.15 

Peak  Heater-Cathode  Voltage  .  ±90  max  ±99  max 

Direct  Interelectrode  Capacitances : 

Triode  Grid  to  Triode  Plate  . .  2.0 

Triode  Grid  to  Cathode  and  Heater  .  2.2 

Triode  Plate  to  Cathode  and  Heater  .  0.8 

Plate  of  Diode  Unit  No.2  to  Triode  Grid  . . .  0.04  max 


Triode  Unit  as  Glass  A*  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . . . . . . . . .  300 

Plate  Dissipation  . . . . .  0.5 

Grid  Voltage,  Positive-bias  value  . .  „  . . . . .  0 


volts 

ampere 

volts 

pF 

pF 

pF 

pF 


volts 

watts 

volts 


152 


RCA  Receiving  Tube  Manual 


CHARACTERISTICS 

Plate  Voltage  . . . 

100 

250 

volts 

Grid  Voltage  . 

— i 

—3 

volts 

Amplification  Factor  . .  . : . . 

70 

70 

Plate  Resistance  . . . 

54000 

58000 

ohms 

Transconductance  . . 

1300 

1200 

/rnihos 

Plate  Current  . . . . . . . 

0.8 

1.0 

m  A 

Diode  Units 

MAXIMUM  RATING  (Design-Center  Value) 

Plate  Current  (Each  Unit)  . . . . . 

1.0 

mA 

The  two  diode  plates  are  placed  around  a  cathode  whose  sleeve  is  common  to  the  triode  unit. 
Each  diode  plate  has  its  own  base  pin.  For  diode  operation  curves,  refer  to  type  6AV6. 


6AT8  Refer  to  chart  at  end  of  section. 


6AT8A  MEDIUM-MU  TRIODE— 

5AT8  SHARP-CUTOFF  PENTODE 

Miniature  types  used  as  combined  oscillator  and  mixer 
tubes  in  television  receivers  utilizing  an  intermediate 
frequency  in  the  order  of  40  MHz.  Outlines  section, 

6B;  requires  miniature  9-contact  socket.  Except  for 
interlectrode  capacitances  and  basing  arrangement,  this 
type  is  identical  with  miniature  type  6X8  .The  basing 
arrangement  is  particularly  suitable  for  connection  to  the  coils  of  certain 
designs  of  turret  tuners.  Type  5AT8  is  identical  with  type  6AT8A  except 
for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . . 

Direct  Interelectrode  Capacitances : 

Triode  Unit: 

Grid  to  Plate  . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . . . 

Pentode  Unit: 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2  and 

Grid  No. 3  . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  and 

Grid  No. 3  . . . . 

Pentode  Grid  No.l  to  Triode  Plate  . . 

Pentode  Plate  to  Triode  Plate  . . . . . 

Heater  to  Cathode  . . . . 


5AT8 

6AT8A 

4.7 

6.3 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

Unshielded 

Shielded* 

1.5 

1.5 

pF 

2.0 

2.4 

pF 

0.5 

1.0 

pF 

0.06  max 

0.03  max 

pF 

4.6 

4.8 

PF 

0.9 

1.6 

pF 

0.05  max 

0.04  max 

pF 

0.05  max 

0.008  max 

pF 

6.0 

6.0f 

pF 

■  With  external  shield  connected  to  cathode  except  as  noted, 
f  With  external  shield  connected  to  plate. 


6AU4GT 


Refer  to  chart  at  end  of  section. 


6AU4GTA 


HALF-WAVE 
VACUUM  RECTIFIER 


Glass  octal  type  used  as  damper  tube  in  horizontal- 
deflection  circuits  of  color  and  wide-angle  picture-tube 
television  receivers.  Outlines  section,  13G;  requires 
octal  socket.  Type  may  be  supplied  with  pin  No.  1 
omitted.  Socket  terminals  1,  2,  4,  and  6  should  not  be 
used  as  tie  points.  This  tube,  like  other  power-handling 
tubes,  should  be  adequately  ventilated. 


Heater  Voltage  (ac/dc)  . . . . 

Heater  Current  . . ■ . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Plate  to  Heater  and  Cathode  . 

Cathode  to  Heater  and  Plate  .......... 

Heater  to  Cathode  . . .  . .  .  . 


Technical  Data 


153 


Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . .  4500  volts 

Peak  Plate  Current  . . . . . .  1300  mA 

Average  Plate  Current  . . . . ......  210  mA 

Plate  Dissipation  . . .  . . . . . . . .  6.5  watts 

Heater-Cathode-Voltage : 

Peak  value  . .  -f-300  — -4600  volts 

Average  value  .  .  .  . .  4-100  — 900  #  volts 

#  Pulse  duration  must  not  exceed  16%  of  a  horizontal  scanning  cycle  (10  microseconds). 


BEAM  POWER  TUBE  6AU5GT 

Glass  octal  type  used  as  horizontal-deflection  ampli¬ 
fier  in  low-cost,  high-efficiency  deflection  circuits  of 
television  receivers.  Outlines  section,  13D;  requires 
octal  socket. 


Heater  Voltage  (ac/dc)  , . . . . . . . . 

Heater  Current  . 

Heater-Cathode  Voltage : 

Peak  value  . . . . 

Average  value  . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  .  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . 


6.3 

volts 

1.25 

amperes 

±200  max 

volts 

100  max 

volts 

0.5 

pF 

11.3 

pF 

7.0 

pF 

Class  Ai  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Voltage 
Grid-No.l  (Control-Grid)  Voltage 

Plate  Resistance  . 

Transconductance  . . . 

Plate  Current  .  . . 

Grid  No.2  Current  . 

t  Grid  No.2  connected  to  plate. 


Pentode 

Triodef 

Connection 

Connection 

115 

110 

volts 

175 

100 

volts 

— 20 

—4.5 

volts 

6000 

ohms 

5600 

— 

p,mhos 

60 

mA 

6.8 

• — 

mA 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . . 550 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  Maximum)  ......  6500° 

Peak  Negative-Pulse  Plate  Voltage  . . .  — 1250 

DC  Grid-No.2  (Screen-Grid)  Voltage*  . . . .  200 

Peak  Negative-Pulse  Grid-No.l  (Control-Grid)  Voltage  — 300 

Peak  Cathode  Current  . . . .  400 

Average  Cathode  Current  . . . .  110 

Grid-No.2  Input  . 2.5 

Plate  Dissipationff  . . . . . .  10 

Bulb  Temperature  (At  hottest  point)  . . . .  210 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance  . 0.47 


volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 


megohm 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 
°  Under  no  circumstances  should  this  absolute  value  be  exceeded. 

*  Obtained  through  a  series  dropping  resistor  of  sufficient  magnitude  to  limit  the  grid-No.2 
input  to  the  rated  maximum  value. 

ff  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


Refer  to  chart  at  end  of  section. 
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6AU6A 

3AU6,  4AU6,  uaw  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  compact  radio  equipment  as  rf 
amplifier  especially  in  high-frequency,  wide-band  ap¬ 
plications;  also  used  as  limiter  tube  in  FM  equipment. 

Outlines  section,  50;  requires  miniature  7-contact 
socket.  For  a  discussion  of  limiters,  refer  to  Electron 
Tube  Applications  section.  For  typical  operation  as 
resistance-coupled  amplifier,  refer  to  Resistance-Coupled  Amplifier  section. 
Types  3AU6,  4AU6,  and  12AU6  are  identical  with  type  6AU6A  except  for 
heater  ratings. 


7BK 


Heater  Voltage  (ac/dc)  . 

Heater  Current . 

Heater  Warm-up  Time  (Aver¬ 
age)  . . . . 

Heater-Cathode  Voltage : 


3AUG 

4AU6 

6AU6 

12AU6 

3.15 

4.2 

6.3 

12.6 

0.6 

0.45 

0.3 

0.15 

11 

11 

11 

— 

±200  max 

±200  max 

±200  max 

±200  max 

100  max 

100  max 

100  max 

100  max 

5.5 

5.0 


2.6 

3.2 


1.2- 


Average  value  . . 

Direct  Interelectrode  Capacitances: 

Pentode  Connection : 

Grid  No.l  to  Plate  . . . .... ...  0.00**  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . .  .  . .  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . 

Triode  Connection:!  . ,  „  „  .  _  A 

Grid  No.l  to  Plate,  Grid  No.2,  Grid  No.3,  and  Internal  Shield 

Grid  No.l  to  Cathode  and  Heater  . r  w,v  Y‘ *  7,'IL' j’ 

Plate,  Grid  No.2,  Grid  No.3,  and  Internal  Shield  to  Cathode 
and  Heater  . . . . .  •  • . 

f  Grid  No.2,  grid  No.3,  and  internal  shield  connected  to  plate. 

■  Value  is  8.5  pF  with  external  shield  connected  to  cathode. 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value 

Grid -No.  2  (Screen-Grid)  Voltage  . . . 

Grid-No.  2  Supply  Voltage  . . . •  •  •  •  ; . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . .  ♦ . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 


Triodef 

Connection 

275 


0 

3.5 


volts 

ampere 

seconds 

volts 

volts 


pF 

PF 

PF 

pF 

pF 

pF 


Pentode 
Connection 
330 
0 

See  curve  page  96 
330 
0 
3.5 

0.75 

See  curve  page  96 


volts 

volts 

volts 

vols 

watts 

watt 


£  ft  io| 

iS 

SSw! 


2,5 


TYPE 

PENT 

GRID! 

GRID 

6AU6 
ODE  CC 
4o.3CO 
4o.2VO 

m 

)NNEC' 

NNECT 

LT$SIC 

hon 

EDTO( 
>0  , 

“1 

WTHOC 

>E  ATS 

m 

r 

- 

3.5 

|  SRI 

iD-No.l , 

VOLTS 

ECj»-l 

1 _ _ 

PIT 

,*0 

tfi b 

“2~ 

^3 

<r~ 

^ - 

. . . 

PLATE  VOLTS  92CS-66HT* 


CHARACTERISTICS 

Plate  Supply  Voltage 

Grid  No.3,,... . 

Grid-No.  2  Supply  V oltage 


Triodef 

Connection 

250 


Pentode  Connection 
100  250  150 


volts 


Connected  to  cathode  at  sodket 
100  125  150  volts 
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Pentode  Connection 


Cathode-Bias  Resistor  . 330  loU 

Amplification  Factor  . 3b 

Plate  Resistance  (Approx.)  . .  O.o 

Transconductance  . ™UU 

Plate  Current  . . . . .  5.0 

Orid-No.2  Current  . “  2-1 

Grid-No.l  Voltage  for  plate  current 

of  10  fiA . —  ~~42 

f  Grid  No. 2,  grid  No.3,  and  internal  shield  connected  to  plate. 

Refer  to  chart  at  end  of  section. 


iUIUCCUUil 

330 

150 

100 

68 

ohms 

36 

0.5 

1.5 

1.0 

megohms 

4800 

3900 

4500 

5200 

#mhos 

12.2 

5.0 

7.6 

10.6 

niA 

2.1 

3.0 

4.3 

mA 

_ _ 

— -4.2 

—  5.5 

— C.5 

volts 

6AU7 


Refer  to  chart  at  end  of  section. 


MEDIUM-MU  TRIODE—  6 A  USA 

SHARP-CUTOFF  PENTODE  8AU8 

Miniature  type  used  in  television  receiver  applications. 
Pentode  unit  is  used  as  video  amplifier,  if  amplifier, 
and  age  amplifier.  Triode  unit  is  used  in  sync-amplifier, 
sync-separator,  sync-clipper,  and  phase-inverter  cir¬ 
cuits.  Outlines  section,  6E;  requires  9-contact  socket. 
Type  8AU8  is  identical  with  type  6AU8A  except  for 
heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 
Heater-Cathode  Voltage: 

Peak  value  . . 

Average  value  . _ . . 

Direct  Interelectrode  Capacitances : 
Triode  Unit; 

Grid  to  Plate  . 

Grid  to  Cathode  and  Heater 
Plate  to  Cathode  and  Heater  . 
Pentode  Unit : 

Grid  No.l  to  Plate  . 


Internal  Shield  . . . * 

Plate  to  Cathode,,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . . 

Triode  Grid  to  Pentode  Plate  . 

Pentode  Grid  No.l  to  Triode  Plate  . 

Pentode  Plate  to  Triode  Plate  . 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  1 

. 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.  2  Voltage  . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  .  . . . 

Grid-No.2  Supply  Voltage  . . 

Cathode-Bias  Resistor  . . . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance . . . . . 

Plate  Current  . . . . 

Grid-No.2  Current  . .  .  . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

iOO  ft  A  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance: 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . . -»• 


6AU8A 

8AU8 

6.3 

8.4 

volts 

0.6 

0.45 

ampere 

11 

— 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

2.2 

pF 

2.6 

pF 

0.34 

pF 

,  and 

0.06 

pF 

7.5 

pF 

0.022  max 

pF 

0.006  max 

pF 

0.12  max 

pF 

Triode  Unit  Pentode  Unit 

330 

330 

volts 

330 

See  curve  page  96 

volts 

0 

0 

volts 

2.8 

3.3 

watts 

— 

1 

See  curve  page  96 

watt 

150 

200 

volts 

125 

volts 

150 

82 

ohms 

43 

— 

8100 

100000 

ohms 

6300 

8000 

/umhos 

9.5 

17 

mA 

3.4 

mA 

—6.6 

—7.5 

volts 

0.5 

0.25 

megohm 

1.0 

1.0 

megohm 
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6AV5GA 

12AV5GA,  25AV5GA  BEAM  POWER  TUBE 

Glass  octal  type  used  as  horizontal-deflection  ampli¬ 
fier  in  television  receivers.  Outlines  section,  19C;  re¬ 
quires  octal  socket.  Types  12AV5GA  and  25AV5GA 
are  identical  with  type  6AV5GA  except  for  heater 
ratings. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . . . . 

Average  value  . . . . . 

Direct  Interelectrode  Capacitances  (Approx.) 
Grid  No.l  to  Plate  . . 


Plate  to  Cathode,  Heater,  Grid  No. 2, 


CHARACTERISTICS 

Plate  Voltage  . . 

Grid-No.  2  (Screen-Grid)  Voltage  . 
Grid-No.  1  (Control-Grid)  Voltage 

Plate  Resistance  . 

Transconductance  . . 

Plate  Current  . . 

Screen  Current  . . 


6AV5GA 

12AV5GA 

25AV5GA 

6.3 

12.6 

25 

volts 

1.2 

0.6 

0.3 

amperes 

11 

'  — 

seconds 

±200  max 

±200  max 

±200  max 

volts 

100  max 

100  max 

100  max 

volts 

0.5 

pF 

and  Grid  No. 3  .... 

14 

pF 

d  Grid  No. 3 

7.0 

pF 

Amplifier 

Pentode 

Triode® 

Connection 

Connection 

....  60 

250 

150 

volts 

150 

150 

150 

volts 

0 

—22.5 

—22.5 

volts 

14500 

— 

ohms 

_ 

5900 

— 

/rnihos 

260 

57 

— . 

mA 

26 

2.1 

— 

mA 

_ 

—43 

_ 

volts 

_  — 

— 

4.3 

1  rnA  . 

Amplification  Factor  . 

»  Grid  No. 2  connected  to  plate. 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . . ... . . . . . 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  Maximum)  . . 

Peak  Negative-Pulse  Plate  Voltage . . 

DC  Grid-No. 2  Voltage  .  . 

Peak  Negative-Pulse  Grid-No.  1  Voltage  . 

Peak  Cathode  Cur-rent  . . . . . 

Average  Cathode  Current  . . . .  . . 

Grid-No. 2  Input  . . . . . ;  ■ 

Plate  Dissipationff  .  .  ...  . . .  . . .  * . . . 1  * 

Bulb  Temperature  (at  hottest  point)  . . . . . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance  . . . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10 

°  Under  no  circumstances  should  this  absolute  value  be  exceeded. 

ft  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence 


550 

5500* 

-1250 

175 

—300 

400 

110 

2.5 

11 

210 

0.47 


volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 

megohm 

microseconds). 

of  excitation. 


6AV5GT 


Refer  to  chart  at  end  of  section. 


6AV6  TWIN  DIODE— 

3AV6,  4AVS,  12AV6  HIGH-MU  TRIODE 

Miniature  type  used  as  combined  detector,  amplified 
and  avc  tube  in  automobile  and  ac-operated  radio  re¬ 
ceivers.  The  6AV6  may  be  substituted  directly  for  the 
6AT6  in  applications  where  the  higher  amplification 
of  the  6AVG  is  advantageous.  Outlines  section,  5C;  re¬ 
quires  miniature  7-contact  socket.  Types  3AV6,  4AY6,  and  12AV6  are  iden¬ 
tical  with  type  6AY6  except  for  heater  ratings. 
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Heater  Voltage  (ac/dc)  . 

Heater  Current  . . 

Heater  Warm-up  Time  (Aver¬ 
age)  . . 

Heater-Cathode  Voltage : 


Average  value  . .. ...  100  max 

Direct  Interelectrode  Capacitances : 

Triode  Grid  to  Triode  Plate  ......... 

Triode  Grid  to  Cathode  and  Heater  .  . . 
Triode  Plate  to  Cathode  and  Heater  . 
Plate  of  Diode  Unit  No.2  to  Triode  Grid 


3AV6 

3.15 

0.6 

4AV6 

4.2 

0.45 

6AV6 

6.3 

0.3 

12AV6 

12.6 

0.15 

volts 

ampere 

11 

11 

— 

— 

seconds 

±200  max 
100  max 

±200  max 
100  max 

±200  max 
100  max 

±200  max 
100  max 

volts 

volts 

2.0 

2.2 

0.8® 

0.04  max 


«  This  value  is  1.2  pP  with  external  shield  connected  to  cathode. 

Triode  Unit  as  Class  Ax  Amplifier 

MAXIMUM  RATING  (Design-Maximum  Value) 

Plate  Voltage  . . 330  volts 

Grid  Voltage,  Positive-bias  value  . 0  vo*? 

Plate  Dissipation  . 0.55  watt 

CHARACTERISTICS 

Plate  Voltage  . 100  250  volts 

Grid  Voltage  . . . . .  •'  ~“2  volts 

Amplification  Factor  . . ,*22  „ ^22  * 

Plate  Resistance  . . . .  •  •  80000  62500  ohms 

Transconductance  . 1250  1600  ^mhos 

Plate  Current  . . . i.,,,..... .  0.50  1.2  mA 

Diode  Units 

MAXIMUM  RATING  (Design-Maximum  Value) 

Plate  Current  (Each  Unit)  . . . . .  1-0  raA 

The  two  diode  plates  are  placed  around  a  cathode,  the  sleeve  of  which  is  common  to  the 
triode  unit.  Each  diode  plate  has  its  own  base  pin.  Diode  biasing  of  the  triode  unit  is  not 
r  eco  m  men  ded. 

Installation  and  Application 

The  triode  unit  of  the  6AV6  is  recommended  for  use  only  in  resistance- 
coupled  circuits.  Refer  to  the  Resistance-Coupled  Amplifier  section  for 
typical  operating  conditions.  Grid  bias  for  the  triode  unit  of  the  6AV6 
may  be  obtained  from  a  fixed  source,  such  as  a  fixed-voltage  tap  on  the  dc 
power  supply,  or  from  a  cathode-bias  resistor.  It  should  not  be  obtained 
by  the  diode-biasing  method  because  of  the  probability  of  plate-current 
cutoff,  even  with  relatively  small  signal  voltages  applied  to  the  diode  circuit. 

AVERAGE  DIODE  CHARACTERISTICS 

HALF-WAVE  RECTIFICATION- SINGLE  DIODE  UNIT 


TYPE  6AV6 
TRIODE  UNIT 


m  mmm 


100  200  300 

PLATE  VOLTS  92CS-6879T 


Refer  to  chart  at  end  of  section. 


SEilsHi 


30  —20 

0C  VOLTS  DEVELOPED  BY  DIODE  % 

92CM-6876T 


6AW8 
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6AW8A  HIGH-MU  TRIODE— 

8AW8A  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  television  receiver  applications. 
The  pentode  unit  is  used  as  an  if  amplifier,  video  am¬ 
plifier,  age  amplifier,  or  reactance  tube.  The  triode 
unit  is  used  in  low-frequency  oscillator,  sync-separa¬ 
tor,  sync-clipper,  and  phase-splitter  circuits.  Outlines 
section,  6E;  requires  miniature  9-contact  socket.  Type 
8AW8A  is  identical  with  type  6AW8A  except  for 
heater  ratings. 


Heater  Voltage  (ae/dc)  . . . . 

Heater  Current  . . . . . 

Heater  Warm-up  Time  (Average)  . . , 

Heater- Cathode  Voltage : 

Peak  value  . . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances : 

Triode  Unit: 

Grid  to  Plate  . . . 

Grid  to  Cathode,  Pentode  Cathode,  Pentode 
Grid  No. 3,  Internal  Shield,  and  Heater  .... 
Plate  to  Cathode,  Pentode  Cathode,  Pentode 
Grid  No.3,  Internal  Shield,  and  Heater  .... 
Pentode  Unit : 

Grid  No.l  to  Plate  .  ... .  . . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2, 

Grid  No.3,  and  Internal  Shield  . . . , 

Plate  to  Cathode,  Heater,  Grid  No. 2,  Grid 

No.3,  and  Internal  Shield  . . 

Pentode  Grid  No.l  to  Triode  Plate  . . 

Pentode  Plate  to  Triode  Plate  . . . . 

■  With  external  shield  connected  to  pins  4  and  5. 

Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage  . . . . . 

Grid-No. 1  (Control-Grid)  Voltage,  positive-bias  value 

Plate  Dissipation  . . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . . 

For  grid-No.2  voltages  between  165  and  330  volt3 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . 

Grid-No.2  Supply  Voltage  . . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . . . . ' . 

Amplification  Factor  . 


6AW8A 

6.3 

0.6 

11 

8AW8A 

8.4 

0.45 

11 

volts 

ampere 

seconds 

±200  max 
100  max 

±200  max 
100  max 

volts 

volts 

Unshielded 

Shielded 

2.2 

2.2 

pF 

3.2 

3.4 

PF 

1.8 

3.0 

pF 

0.06  max 

0.05  max 

pF 

10 

10 

pF 

3.6 

0.008  max 
0.15  max 

4.5 

0.005  max 
0.025  max 

pF 

pF 

pF 

Triode  Unit  Pentode  Unit 

330 

330 

volts 

— 

330 

See  curve  page  96 

volts 

0 

0 

volts 

1.1 

3.75 

watts 

— 

1.1 

See  curve  page  96 

watts 

200 

150 

volts 

— 

150 

volts 

—2 

— 

volts 

— 

150 

ohms 

70 

— 
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Plate  Resistance  (Approx.)  . .  . . 

Transconductance  . 

Plate  Current  . 

Grid-No. 2  Current  . . . 

Grid-No. X  Voltage  (Approx.)  for  plate  current  of 

20  fiA  . .  . . .  . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . .  .  .  . . 


megohm 

/imhos 

mA 

mA 


megohm 

megohm 


HALF-WAVE 
VACUUM  RECTIFIER 


6AX3 


VACUUM  KtUIIMtK  1IAX3,  17AX3 

Duodeear  type  used  as  damper  tube  in  horizontal-de¬ 
flection  circuits  of  television  receivers.  Outlines  section, 
8C ;  requires  12-contact  socket.  Socket  terminals  5,  6, 
8,  and -9  should  not  be  used  as  tie  points.  This  tube, 
like  other  power-handling  tubes,  should  be  adequately 
ventilated.  Types  12AX3  and  17AX3  are  identical  with 
type  6AX3  except  for  heater  ratings. 


Heater  Voltage  (ae/de)  . . . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average) 
Direct  Interelectrode  Capacitances : 
Plate  to  Cathode  and  Heater  .  . 
Cathode  to  Plate  and  Heater  . 
Heater  to  Cathode  . . 


6AX3 

12AX3 

17AX3 

6.3 

12.6 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

' — * 

11 

11 

seconds 

5.5 

pF 

7.5 

pF 

2.8 

pF 

Damper  Service 

For  operation  in  a  525-line.  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . .  5000  volts 

Peak  Plate  Current  . 1000  mA 

Average  Plate  Current  . 165  mA 

Plate  Dissipation  . 6.3  xvatts 

Heater-Cathode  Voltage: 

Peak  value  .  +300  —5000  volts 

Average  value  .  . . . . .  +160  — 900  volts 

CHARACTERISTICS 

Tube  Voltage  Drop  for  plate  current  of  250  mA  .  32  volts 

#  Pulse  duration  must  not  exceed  15%.  of  a  horizontal  scanning  cycle  (10  microseconds). 


Refer  to  chart  at  end  of  section. 


6AX4GT 


<s?  6AX4GTB 

HALF-WAVE  k  u 

f\  MAfMiiViftfl  ncnricicn  12AX4GTR,  17AX4GTA, 

-h-  \  VACUUM  RECTIFIER  2sax4gt 

I  i  Glass  octal  type  used  as  damper  tube  in  horizontal- 

,c^\.  - deflection  circuits  of  color  and  black-and-white  tele- 
vision  receivers.  Outlines  section,  13D;  requires  octal 
iC  M  socket.  May  be  supplied  with  pin  No.  1  omitted.  Socket 

4CG  terminals  1,  2,  4,  and  6  should  not  be  used  as  tie 

points.  This  tube,  like  other  power-handling  tubes,  should  be  adequately 
ventilated.  Types  42AX4/GTB,  17AX4GTA,  and  25AX4GT  are  identical 
with  type  6AX4GTB  except  for  heater  ratings. 


Heater  Voltage  (ac/de)  . . 

6AX4- 

GTB 

......  6.3 

12AX4- 

GTB 

12.6 

17AX4- 

GTA 

16.8 

25AX4GT 

25 

volts 

Heater  Current  . 

.  1.2 

0.6 

0.45 

0.3 

amperes 

Heater  Warm-up  Time  (Average) 

.  .  .  — 

11 

11 

11 

seconds 

Direct  Interelectrode  Capacitances 
Cathode  to  Plate  arid  Heater 

(Approx.) : 

8.5 

pF 

Plate  to  Cathode  and  Heater 

' 

5 

pF 

Heater  to  Cathode  . 

4 

pF 
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Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . 

Peak  Plate  Current  . . . . 

Average  Plate  Current  . . . 

Plate  Dissipation  . . 

Heater-Cathode  Voltage :  ( 

Peak  value  . . . .  *4-300 

Average  value  . . . . . .  +100 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  250  mA  . . 


5000 

1000 

165 

5.3 

—5000 

—900 


32 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10 


volts 

mA 

mA 

watts 

volts 

volts 


volts 

microseconds). 


FULL-WAVE 
VACUUM  RECTIFIER 

Glass  octal  type  used  in  power  supplies  of  radio  equip¬ 
ment  having  moderate  dc  requirements.  Outlines  sec¬ 
tion,  13D;  requires  octal  socket.  This  type  may  be  sup¬ 
plied  with  pin  No.  1  omitted.  This  tube,  like  other 
power-handling  tubes,  should  be  adequately  venti¬ 
lated.  Heater:  volts  (ac),  6.3;  amperes,  1.2. 

Full-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Center  Values) 


6AX5GT 


Peak  Inverse  Plate  Voltage  . 

Peak  Plate  Current  (Per  Plate)  . 

Hot-Switching  Transient  Plate  Current: 

For  duration  of  0.2  second  maximum  . 

AC  Plate  Supply  Voltage  (Per  Plate,  rms)  . . 

Average  Output  Current  (Per  Plate,  rms)  . . 

Peak  Heater-Cathode  Voltage  . . 

TYPICAL  OPERATION  WITH  CAPACITOR  INPUT  TO  FILTER 

AC  Plate-to-Plate  Supply  Voltage  (rms)  . 

Filter  Input  Capacitor*  . 

Effective  Plate-Supply  Impedance  Per  Plate  .  .  . - 

DC  Output  Voltage  at  Input  to  Filter  (Approx.): 

.  t  .  ,  n  f  62.5  mA  . . 

At  half-load  current  of  {  40  . 

At  full-load  current  of  j 


700 

10 

50 

395 

S50 


Voltage  Regulation  (Approx.)  : 

Half-load  to  full-load  current  . . 

TYPICAL  OPERATION  WITH  CHOKE  INPUT  TO  FILTER 

AC  Plate-to-Plate  Supply  Voltage  (rms)  . 

Filter  Input  Choke  . — - -  - - -  *  ■  * 

DC  Output  Voltage  at  Input  to  Filter  (Approx.)  : 

At  half-load  current  of  j  62.5  mA  !!!!!!!! 

At  full-load  current  of  j  |g5  mA  !!!!!!!! 

RATING  CHART 


45 

700 

10# 

270 

250 


@S 


1250 

volts 

375 

mA 

2.6 

ampere 

See 

Eating  Chart 

See 

Eating  Chart 

±450 

volts 

900 

volts 

10 

li¥ 

105 

ohms 

volts 

540 

volts 

_ 

volts 

490 

volts 

50 

volts 

900 

volts 

10## 

henries 

volts 

365 

volts 

volts 

350 

volts 
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Voltage  Regulation  (Approx.):  ,, 

Half-load  to  full-load  current  .  20  15  volts 

*  Higher  values  of  capacitance  than  indicated  may  be  used  but  the.  effective .  plate-supply 
impedance  may  have  to  be  increased  to  prevent  exceeding  the  maximum  rating  for  hot- 
switching  transient  plate  current. 

#  This  value  is  adequate  to  maintain  optimum  regulation  provided  the  load  current  is  not 
less  than  30  mA.  For  load  currents  less  than  30  mA,  a  larger  value  of  inductance  is  required 
for  optimum  regulation. 

##  This  value  is  adequate  to  maintain  optimum  regulation  provided  the  load  current  is  not 
less  than  35  mA.  For  load  currents  less  than  35  mA,  a  larger  value  of  inductance  is  required 
for  optimum  regulation. 


Refer  to  chart  at  end  of  section. 


HALF-WAVE 
VACUUM  RECTIFIER 


6  AYS 
6AY3B 

12AY3, 12AY3A, 
17AY3,  17AY3A 


Novar  types  used  as  damper  tubes  in  horizontal -de- 
flection  circuits  of  black-and-white  television  receivers. 

9HP  Outlines  section,  11D  and  30B,  respectively;  require 

novar  9-contact  socket.  Socket  terminals  1,  3,  6,  and  8  should  not  be  used 
as  tie  points.  It  is  especially  important  that  these  tubes,  like  other  power- 
handling  tubes,  be  adequately  ventilated.  Types  12AY3  and  12AY3A  and 
types  17AY3  and  17AY3A  are  identical  with  types  6AY3  and  6AY3B  except 
for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  .  .  .  . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Plate  to  Cathode  and  Heater  .  .  . . 

Cathode  to  Plate  and  Heater  . 

Heater  to  Cathode  . 


6AY3 

12AY3 

17AY3 

6AY3B 

12AY3A 

17AY3A 

6.3 

12.6 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

11 

11 

seconds 

6.5 

pF 

9.0 

pF 

2.8 

pF 

Damper  Service 

For  operation  in  a  525-line,  30-frame  system 

MAXiMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . 5000  volts 

Peak  Plate  Current  . . 1100  mA 

Average  Plate  Current  . 175  mA 

Plate  Dissipation  . 6.5  watts 

Heater-Cathode  Voltage: 

Peak  value  . . . .  +300  — 5000  volts 

Average  value  . .  -j-100  — 900  volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

Refer  to  chart  at  end  of  section.  6AY11 


H,G3p,«S 


Pp  CT 

9ED 


MEDiUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


6AZ8 


Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  pentode  unit  is  used 
as  an  if  amplifier,  video  amplifier,  age  amplifier,  or 
reactance  tube.  The  triode  unit  is  used  in  low-frequency 
oscillator,  sync-separator,  sync-clipper,  and  phase- 
splitter  circuits.  Outlines  section,  6B;  requires  minia¬ 
ture  9-contact  socket. 


Heater  Voltage  (ac/de) 

Heater  Current  . 

Heater-Cathode  Voltage:4 

Peak  value  . 

Average  value  . 


6.3  volts 

0.46  ampere 

±200  max  volts 

100  max  volts 
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1.7 

pF 

2 

pF 

1.7 

pF 

0.02  max 

pF 

6.5 

pF 

2,2 

pF 

0.027  max 

pF 

0.020  max 

PF 

0.045  max 

pF 

Direct  Interelectrode  Capacitances: 

Triode  Unit: 

Grid  to  Plate  . . . . 

Grid  to  Cathode,  Heater,  Pentode  Grid  No.3,  and  Internal  Shield 
Plate  to  Cathode,  Heater,  Pentode  Grid  No.3,  and  Internal  Shield 
Pentode  Unit: 

Grid  No.l  to  Plate  . ........... . .  * 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . ./ . . . . . 

Plate  to  Cathode,  Heater,  Grid,  No.2,  Grid  No.3,  and 

Internal  Shield  . . .  .< . . .  . . . 

Triode  Grid  to  Pentode  Plate  .  . . . . 

Pentode  Grid  No.l  to  Triode  Plate  . . 

Pentodes  Plate  to  Triode  Plate  ...  . . . . . 

A  The  heater-cathode  voltage  of  the  pentode  unit  should  not  exceed  the  value  of  the  operating 
cathode  bias.  Grid  No.3  will  be  made  negative  with  respect  to  cathode  if  this  value  is  ex¬ 
ceeded,  and  thus  possibly  cause  a  change  in  tube  characteristics. 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values)  Triode  Unit 

Plate  Voltage  . .  . . . . .  ...  •  -  •  300 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.  2  Voltage  . . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . 

Crid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  . 

Cathode-Bias  Resistor  . . 

Amplification  Factor  . 

Plate  Kesistance  (Approx.)  . 

Transconductance  . . . 

Plate  Current  . . 

Grid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

10  ft  A  . . . 

Grid-No.l  Voltage  (Approx.)  for  transconductance 

of  100  jumhos  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance  :♦ 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . . 

*  If  either  unit  is  operating  at  maximum  rated  condi 
both  units  should  not  exceed  the  stated  values. 


0 

2.6 


Pentode  Unit 
300 
300 

See  curve  page  96 
0 
2 

0.5 

See  curve  page  96 


volts 

volts 


volts 

watts 


watt 


200 

200 

volts 

150 

volts 

---6 

_ 

volts 

19 

180 

ohms 

5750 

300000 

ohms 

3300 

6000 

umhos 

13 

9.5 

mA 

3 

mA 

—19 

— 

volts 

— 

—12.5 

volts 

0.5 

0.25 

megohm 

1.0 

1.0 

megohm 

,  grid-No.l-circuit 

resistance  for 

6E4G 

685 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


6B6G 

687 

6B7S 

6E8 

6B8G 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


TWIN  DIODE— 
MEDIUM-MU  TWIN  TRIODE 

Duodecar  type  used  in  television  receiver  applications; 
diode  units  are  used  in  horizontal-phase-detector  cir¬ 
cuits,  and  triode  units  are  used  in  horizontal-oscillator 
circuits.  Outlines  section,  8A;  requires  duodecar  12- 
contact  socket.  Type  8B10  is  identical  with  type  6B10 
except  for  heater  ratings. 
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Heater  Voltage  (ae/dc)  ....  * - 

Heater  Current  . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . 


6B10 

6.3 

0.6 

11 

±200  max 
100  max 


Class  A,  Amplifier  (Each  Triode  Unit) 

MAXIMUM  RATING  (Design-Maximum  Value) 

Plate  Voltage  . . 

Average  Cathode  Current  . . . . 

Plate  Dissipation  . 

CHARACTERISTICS 

Plate  Voltage  . . . . . . . * 

Grid  Voltage  . . . 

Amplification  Factor  . . . * . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . 

Plate  Current  . . 

Grid  Voltage  (Approx.)  for  plate  current  of  50  (iA  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . . 


Diode  Units  (Each  Unit) 

MAXIMUM  RATING  (Design-Maximum  Value) 

Plate  Current  . . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  20  mA  . 


8810 

8.5 

0.45 

11 

±200  max 
100  max 


330 

20 

3 


250 
— 8 
18 
7200 
2500 
10 

—20 


0.25 

I 

5 

5 


volts 

ampere 

seconds 

volts 

volts 


volts 

mA 

watts 


volts 

volts 

ohms 

janhos 

mA 

volts 


megohm 

megohm 


mA 

volts 


9HP 


HALF-WAVE 

VACUUM  RECTIFIER 


6BA3 


Novar  type  used  as  damper  tube  in  horizontal-deflec¬ 
tion  circuits  of  black-and-white  television  receivers. 
Outlines  section,  11B  or  30C;  requires  novar  9-contact 
socket.  Socket  terminals  1,  3,  6,  and  8  should  not  be 
used  as  tie  points.  This  tube,  like  other  power-handling 
tubes,  should  be  adequately  ventilated. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Plate  to  Cathode  and  Heater  . 

Cathode  to  Plate  and  Heater  . . 

Heater  to  Cathode  . 


6.3 

volts 

1:2 

amperes 

4.4 

pF 

6 

pF 

1.8 

pF 

Damper  Service 


For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 


Peak  Inverse  Plate  Voltage#  . . .  . .  5000 

Peak  Plate  Current  . . . . . .  1000 

Average  Plate  Current  . . .  165 

Plate  Dissipation  .  5.3 

Heater-Cathode  Voltage: 

Peak  value  .  4-300  — 5000 

Average  value  . .  4*1 00  — 900 


volts 

mA 

mA 

watts 

volts 

volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


1BK 


6BA6 

REMOTE-CUTOFF  PENTODE 

3BA6,  X2BA6 

Miniature  types  used  as  rf  amplifiers  in  standard  broad¬ 
cast  and  FM  receivers,  as  well  as  in  wi de-band,  high- 
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frequency  applications*  The  low  value  of  grid-No.l-to-plate  capacitance 
minimizes  regenerative  effects,  while  the  high  transconductance  makes  pos¬ 
sible  high  signal-to-noise  ratio.  Outlines  section,  5C;  require  miniature 
7-contact  socket.  Types  3BA6  and  12BA6  are  identical  with  type  6BA6 
except  for  heater  ratings. 


3BA8 

3.15 

0.6 

11 


6BA6 

6BA6/EF93 

6.3 

0.3 


12BA6 

12.6 

0.15 


±200  max  ±200  max 
100  max  100  max 


±200  max 
100  max 


5.5 

5" 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 

Heater-Cathode  Voltage: 

Peak  value  . . . 

Average  value  . . 

Direct  Interelectrode  Capacitances:  _  _ _ 

Grid  No.l  to  Plate  . . .. .. ...  ..  ■  -  -  . .  0.0035  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . •  *  •  •  •  : . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . . 

»  This  value  is  5.5  pF  with  external  shield  connected  to  cathode. 

Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . • . •■•••. . , . 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value  . 

Grid-No.  2  (Screen-Grid)  Voltage  . . . 

Grid-No. 2  Supply  Voltage  . 

Plate  Dissipation  . . . . . * . 

Grid-No.2  Input:  . 

For  grid-No.2  voltages  up  to  165  volts  . . . . • . 

For  grid-No.2  voltages  between  165  and  330  volts  . 

Grid-No. 1  (Control-Grid)  Voltage: 

Negative-bias  value  . . 

Positive-bias  value  . . . . . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . 

Grid  No.3  and  Internal  Shield  . . 

Grid-No.2  Supply  Voltage  . . 

Cathode-Bias  Resistor  . . 

Plate  Resistance  (Approx.)  . . 

Ti'ansconductance  . . . . . 

Plate  Current  . . . 

Grid-No.2  Current  . - . ■ ■  •  . . 

Grid-No.  1  Voltage  (Approx.)  for  transconductance 
of  40  jumhos 


volts 

ampere 

seconds 

volts 
volts 


pF 

pF 

pF 


330  volts 

0  volts 

See  curve  page  96 
330  volts 

3.4  watts 

0.7  watt 

See  curve  page  96 


— 55 

0 


250 


volts 

volts 


volts 


100 

Connected  to  cathode  at  socket 


100 

68 

0.25 

4300 

10.8 

4.4 


—20 


100 

68 

1.0 

4400 

11 

4.2 

—20 


volts 
ohms 
megohm 
jim  hos 
mA 
fflA 

volts 


100  200  300 

PLATE  VOLTS 


400 

92CS-6609T 


Installation  and  Application 

Control-grid  bias  variation  is  effective  in  changing  the  volume  of  the 
receiver.  To  obtain  adequate  volume  control,  an  available  grid-No.l-bias 
voltage  of  approximately  50  volts  is  required.  The  exact  value  depends  upon 
the  circuit  design  and  operating  conditions.  This  voltage  may  be  obtained, 
depending  on  the  receiver  requirements,  from  a  potentiometer  across  a  nxed 
supply  voltage,  from  a  variable  cathode-bias  resistor,  from  the  avc  system, 
or  from  a  combination  of  these  methods. 
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The  grid-No.2  (screen-grid)  voltage  may  be  obtained  from  a  poten¬ 
tiometer  or  bleeder  circuit  across  the  B-supply  source,  or  through  a  drop¬ 
ping  resistor  from  the  plate  supply.  The  use  of  series  resistors  for  obtaining 
satisfactory  control  of  grid-No.2  voltage  in  the  case  of  four-electrode  tubes 
is  usually  impossible  because  of  secondary-emission  phenomena.  In  the 
6BA6,  however,  because  grid  No.3  practically  removes  these  effects,  it  is 
practical  to  obtain  grid-No.2  voltage  through  a  series-dropping  resistor  from 
the  plate  supply  or  from  some  high  intermediate  voltage,  provided  the 
source  does  not  exceed  the  plate-supply  voltage.  With  this  method,  the 
grid-N o.2-to-cathode  voltage  will  fall  off  very  little  from  minimum  to 
maximum  value  of  the  resistor  controlling  cathode  bias.  In  some  cases,  it 
may  actually  rise.  This  rise  of  grid-No.2-to-cathode  voltage  above  the  nor¬ 
mal  maximum  value  is  allowable  because  both  the  grid-No.2  current  and  the 
plate  current  are  reduced  simultaneously  by  a  sufficient  amount  to  prevent 
damage  to  the  tube.  It  should  be  recognized  that,  in  general,  the  series- 
resistor  method  of  obtaining  grid-No.2  voltage  from  a  higher  voltage  supply 
necessitates  the  use  of  the  variable  cathode-resistor  method  of  controlling 
volume  in  order  to  prevent  too  high  a  voltage  on  grid  No.2.  When  grid-No.2 
and  control-grid  voltage  are  obtained  in  this  manner,  the  remote  “cutoff” 
advantage  of  the  6BA6  can  be  fully  realized.  However,  it  should  be  noted 
that  the  use  of  a  resistor  in  the  grid-No.2  circuit  has  an  effect  on  the 
change  in  plate  resistance  with  variation  in  grid-No.3  (suppressor-grid) 
voltage  in  case  grid  No.3  is  utilized  for  control  purposes. 


PENTAGRID  CONVERTER  6BA7 

Miniature  type  used  as  converter  in  AM  and  FM  re¬ 
ceivers.  Outlines  section,  6E;  requires  miniature  9- 
8CT  contact  socket. 

Heater  Voltage  . '. . . . . . 

Heater  Current  .  .  .  . . . . i . . . . 

Peak  Heater-Cathode  Voltage  . . 

Direct  Interelectrode  Capacitances : 

Grid  No.  3  to  All  Other  Electrodes  . . 

Plate  to  All  Other  Electrodes  . . ; . . 

Grid  No.  1  to  All  Other  Electrodes  . . . . . . . . 

Grid  No.  3  to  Plate  . . . 

Grid  No.  3  to  Grid  No.  1  . 

Grid  No.  1  to  Plate  . . . 

Grid  No.  1  to  All  Other  Electrodes,  except  Cathode  . 

Grid  No.  1  to  Cathode  . . . .  . . 

Cathode  to  All  Other  Electrodes  except  Grid  No.  1  . 

Converter  Service 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . . . . 

Grid- No.  5-and-I nternal-Shield  VoltageA  . . . 

Grids-No.-2-and-No.4  (Screen-Grid)  Voltage  . . . 

Grids-No.2-and-No.4  Supply  Voltage  .  . .  . . 

Plate  Dissipation  I'.. . . . . . . 

Grids-No.2-and-No.4  Input  . . 

Total  Cathode  Current  ,  .  .  . . . . . 

Grid-No.3  Voltage: 

Negative-bias  value  . . . . . . 

Positive-bias  value  . . 

CHARACTERISTICS  (Separate  Excitation}* 

Plate  Voltage  . . - ................................  100  250  volts 

Grid  No.6  and  Internal  ShieldA  . ... . . . . . . Connected  directly  to  ground 

Grids-No.2-and-No.4  (Screen-Grid)  Voltage  100  100  volts 


6.3 

volts 

0.3 

ampere 

±90 

volts 

9.5 

pF 

8.3 

pF 

6.7 

pF 

0.19  max 

pF 

0.1  max 

PF 

0.05  max 

pF 

3.4 

pF 

3.3 

pF 

4.0 

pF 

300 

volts 

0 

volts 

100 

volts 

300 

volts 

2.0 

watts 

1.5 

watts 

22 

mA 

■100 

volts 

0  volts 
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Grid-No.3  (Control-Grid)  Voltage  . , 

Grid-No.l  (Oscillator-Grid)  Resistor  . . . 

Plate  Resistance  (Approx.)  .  .  . . . . 

Conversion  Transconductance  . 

Conversion  Transconductance  (Approx.)**  . 

Plate  Current . . . 

Grids-No.2-and-No.4  Current . 

Grid-No.l  Current  . 

Total  Cathode  Current . . . 

NOTE:  The  tra  ns  conductance  between  grid  No.l  and  t 
(not  oscillating)  is  approximately  8000  /imhos  under  the  following  conditions :  signal  applied  to 
grid  No.l  at  zero  bias  ;  grids  No.2  and  No.4  and  plate  at  100  volts ;  grid  No.3_  grounded.  Under 
the  same  conditions,  the  plate  current  is  32  milliamperes,  and  the  amplification  factor  is  16.5. 
*  The  characteristics  shown  with  separate  excitation  correspond  very  closely  with  those  ob¬ 
tained  in  a  self-excited  oscillator  circuit  operating  with  zero  bias. 

**  With  grid-No.3  bias  of  —20  volts. 

a  Internal  Shield  (pins  No.6  and  No. 8)  connected  directly  to  ground. 


—1.0 

—1.0 

volt 

20000 

20000 

ohms 

0.5 

1.0 

megohm 

900 

950 

/imhos 

3.5 

3.5 

/mihos 

3.6 

3.8 

mA 

10.2 

10 

mA 

0.35 

0.35 

mA 

14.2 

14.2 

mA 

No.2  and  No.4  connected 

to  plate 

6BA8A 


MEDIUM-MU  TRIODE— 
8BA8A  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receivers.  The  pentode  unit  is  used  as  a  video 
amplifier,  an  age  amplifier,  or  a  reactance  tube.  The 
triode  unit  is  used  in  low-frequency  oscillator  and 
phase-splitter  circuits.  Outlines  section,  6E;  requires 
miniature  9-contact  socket.  Type  8BA8A  is  identical 
with  type  6BA8A  except  for  the  heater  ratings. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage: 

Peak  value  . . . 

Average  value  . . . . 

Direct  Interelectrode  Capacitances  (Approx.) : 

Triode  Unit: 

Grid  to  Plate  . •  •  •  • . . . 

Grid  to  Cathode  and  Heater  . . . 

Plate  to  Cathode  and  Heater . 

Pentode  Unit : 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid 

No.3,  and  Internal  Shield  . ■ . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . . 

Triode  Grid  to  Pentode  Plate  . 

Pentode  Grid  No.l  to  Triode  Plate  . . 

Pentode  Plate  to  Triode  Plate  . 

m  With  external  shield  connected  to  cathode  of  unit  under  test. 


6BA8A 

8BA8A 

6.3 

8.4 

volts 

0.3 

0.45 

ampere 

11 

seconds 

dr  100  max 

±200  max 

volts 

100  max 

100  max 

volts 

2.2 

2.2 

pF 

2.5 

2.7 

pF 

0.4 

1.9 

pF 

0.06 

0.05 

pF 

10 

10 

pF 

3.6 

4.5 

pF 

0.016 

0.006 

pF 

0.006 

0.003 

pF 

0.15 

0.023 

pF 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage . .  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage . 

Grid-No.  2  Voltage  .  . . . * . 

Grid-No.l  (Control-Grid)  Voltage: 

Negative-bias  value  . . . . 

Positive-bias  value  . . 

Plate  Dissipation  . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts 


CHARACTERISTICS 

Plate-Supply  Voltage  . . . . 

Grid-No.2  Supply  Voltage  .  . . 

Grid-No.l  Voltage  .  . . . 

Cathode-Bias  Resistor  . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  .  . . . . 

Transconductance  . - . 

Plate  Current  . . 

Grid-No.2  Current  . . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 
10  juA  . . . . . . 


Triode  Unit  Pentode  Unit 


300 

300 

volts 

300 

See  curve  page  96 

volts 

_ 

—50 

volts 

.  ■ 

0 

volts 

2 

3.25 

watts 

— 

1 

See  curve  page  96 

watt 

200 

200 

volts 

150 

volts 

—8 

volts 

180 

ohms 

18 

— . 

6700 

400000 

ohms 

2700 

9000 

jtmhos 

8 

13 

mA 

3.5 

mA 

—16 

—10 

volts 
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MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance: 

For  fixed-bias  operation  .  0.5  0.25  megohm 

For  cathode-bias  operation  . .  1.0  1.0  megohm 


12ERW 


6BA11 

TRIODE— TWIN  PENTODE  SBA11 

Duodecar  type  used  as  vertical-deflection  oscillator 
and  for  combined  sync-agc  applications  in  color  and 
black-and-white  television  receivers.  Outlines  section, 
8B;  requires  duodecar  12-contact  socket.  Type  8B All  is 
identical  with  type  6BA11  except  for  heater  ratings. 


6BA11 

Heater  Voltage  (ac/de)  . 6.3 

Heater  Current  . . 0.6 

Heater  Warm-up  Time  . 11 

Heater-Cathode  Voltage : 

Peak  value  . . . .  ±200  max 

Average  value  . . .  100  max 


Direct  Inter  electrode  Capacitances : 

Triode  Unit: 

Grid  to  Plate  . . . . 

Grid  to  Cathode  and  Heater  . . 

Plate  to  Cathode,  Heater,  and  Internal  Shield  . 

Pentode  Unit  (Each  Unit)  : 

Grid  No.3  to  Plate  . . 

Grid  No.3  to  all  Other  Electrodes  . . . . 

Grid  No.l  to  all  Other  Electrodes  . 

Plate  to  all  Other  Electrodes  . . . 

Grid  No.3  of  Pentode  1  to  Grid  No.3  of  Pentode  2  . 

Triode  Unit  as  Class  At  Amplifier 

MAXIMUM  RATINGS  {Design-Center  Values) 

Plate  Voltage  . .  .  . . 

Average  Cathode  Current  . . 

Plate  Dissipation  . . 

CHARACTERISTICS 

Plate  Voltage  . .  . . . . . . . 

Grid  Voltage  . 

Amplification  Factor  .  . . . 

Transconductance  . .  . . 

Plate  Current  . . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  100  fiA  ... . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  fixed-bias  operation  .  . . .  . . . . . 

For  cathode-bias  operation  . 


8BA11 

8.4 

volts 

0.45 

amperes 

11 

seconds 

±200  max 

volts 

100  max 

volts 

2.0 

pF 

2.0 

pF 

1.9 

pF 

2.0 

pF 

3.6 

pF 

6.0 

pF 

3.0 

pF 

0.026  max 

pF 

300 

volts 

20 

mA 

1.5 

watts 

250 

volts 

—11 

volts 

18 

1800 

jumbos 

5 

mA 

—18 

volts 

0.25 

megohm 

1 

megohm 

H 


P  P 


9DR 


MEDIUM-MU  TRIODE  6BC4 

Miniature  type  used  as  an  rf  amplifier  in  the  cathode- 
drive  circuits  of  uhf  television  tuners  covering  the  fre¬ 
quency  range  of  470  to  890  MHz.  Outlines  section,  6A; 
requires  miniature  9-contact  socket. 


Heater  Voltage  (ac/dc)  . .  . . . 

Heater  Current  . . . . . 

Peak  Heater-Cathode  Voltage  . 

Direct  Interelectrode  Capacitances  (Approx.): 

Grid  to  Plate  . .  . . 

Grid  to  Heater  and  Cathode  . 

Plate  to  Heater  and  Cathode  . . 

Heater  to  Cathode  . 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 

Cathode  Current  . 

Plate  Dissipation  . 


6.3 

volts 

).225 

ampere 

±75  max 

volts 

1.6 

pF 

2.9 

pF 

0.26 

pF 

2.7 

pF 

250 

volts 

25 

mA 

2.5 

watts 

168 
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CHARACTERISTICS 

Plate  Supply  Voltage  . . . . . . . .  150 

Cathode-Bias  .Resistor  . .  . . 

Amplification  Factor  . . .  *8 

Plate  Resistance  (Approx.)  . .  . .  4800 

Transconductance  . .  10000 

Plate  Current  .  .  . . . . — 

Grid  Voltage  (Approx.)  for  plate  current  of  10  (iK  .  ” ”10 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance :  _  T  •  •  -  , 

For  fixed-bias  operation  . . .  Not  recommended 

For  cathode-bias  operation  ...  . . . .  0*5  megohm 


volts 

ohms 

ohms 

timhos 

mA 

volts 


6BC5 


SHARP-CUTOFF  PENTODE 


3BC5/3CE5 

Miniature  type  used  in  compact  radio  equipment  as  an 
rf  or  if  amplifier  at  frequencies  up  to  400  MHz.  Out¬ 
lines  section,  5C;  requires  miniature  7-contact  socket. 
For  typical  operation  as  resistance-coupled  amplifier, 
refer  to  Resistance-Coupled  Amplifier  section.  Type 
3BC5/3CE5  is  identical  with  type  6BC5  except  for 
heater  ratings. 


3BC5/3CE5 

3.15 

0.6 

11 


±200  max 
100  max 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . 

A vei'age  value  . ; . 

Direct  Interelectrode  Capacitances : 

Pentode  Connection : 

Grid  No.l  to  Plate . .  .  .  ■  -  ...  ...  ••.•••« . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  .  . . •  •  . v  v*'  «  • '  ’  *  V  V'  V  '  ’  ‘  i 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and  Internal 

Shield  . 

Triode  Connection :  * 

Grid  No.l  to  Plate  and  Grid  No.2  j  ■  v.;;-  -  * 

Grid  No.l  to  Cathode,  Heater,  Grid  No.3,  and  Internal  Shield  . . 
Plate  and  Grid  No.2  to  Cathode,  Heater,  Grid  No.3,  and 
Internal  Shield  . . * . * # 

*  Grid  No.2  connected  to  plate. 


6BC5 

6.3 

0.3 


±90  max 


0.030  max 


6.5 

1,8 


2.5 

3.9 


3.0 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 

pF 

PF 

pF 


Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  .  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage . 

Grid-No.2  Voltage .  . •.  •••••;•  •  • . •••• 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value. 

Plate  Dissipation  . . <  •  . . . 

Grid-No.2  Input :  __  14 

For  grid-No.2  voltages  up  to  150  volts  .......... 

For  grid-No.2  voltages  between  150  and  300  volts. 


Triode  Pentode 
Connection*  Connection 


300 


0 

2.5 


Triode 


300 
300 

See  curve  page  96 
0 
2 

0.5. 

See  curve  page  96 

Pentode 


volts 

volts 

volts 

watts 

watt 


CHARACTERISTICS 

Connection* 

.  180  250 

Connection 

100  125  250 

volts 

volts 

— 

— 

100 

125 

150 

.  330 

820 

180 

100 

180 

ohms 

42 

40 

• — 

— 

— . 

megohm 

Paaiafanon  f  AnnW'T  1  .  . .  .  ■  .  .  . 

.  0.006 

0.009 

0.6 

0.5 

0.8 

.SrxSIvB  J.\esi9  }  . . 

.  6000 
8 

4400 

6 

4900 

4.7 

6100 

8 

5700 

7.5 

/imhos 

mA 

mA 

— 

— 

1.4 

2.4 

2.1 

vJirMMiO.*  ouiitiib  . *  •  •  •  •  *  ;  *  ; . .  « 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

— • 

— 

—5 

— 6 

—8 

volts 

*  Grid  No.2  connected  to  plate. 
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TRIPLE  DIODE  6BC  7 

Miniature  type  containing  three  high -per  veance  diode 
units  in  one  envelope;  used  in  de  restorer  circuits  of 
color  television  receivers  and  in  AM/FM  radio  re¬ 
ceivers  as  a  combination  FM  discriminator  and  AM 
detector  tube.  Outlines  section,  6B;  requires  9-contact 
miniature  socket. 


Heater  Voltage  (ac/dc)  . . .  .  ....  . . . . . . . . 

Heater  Current  . .  ....  ..........  ....  . ...  . .  . . 

Peak  Heater-Cathode  Voltage  . . . . . . . 

Direct  In  ter  electrode  Capacitances  (Approx.)  : 

Diode-No.  1  Plate  to  Diode-No.  1  Cathode,  Heater,  and 

Internal  Shield . . . . 

Diode-No.2  Plate  to  Diode-No.2  Cathode,  Heater,  and 

Internal  Shield  . 

Diode-No. 3  Plate  to  Diode-No.3  Cathode,  Heater,  and 

Internal  Shield  . . . . . . . 

MAXIMUM  RATINGS  (Design-Center  Values,  Each  Diode  Unit) 

Peak  Inverse  Plate  Votlage  . . . . 

Peak  Plate  Current*  . . . . . 

Average  Output  Current  . . . . . . 


6.3  ■ 

volts 

0.450 

ampere 

±200  max 

volts 

3.5 

pF 

5.5 

pF 

3.5 

PF 

330 

volts 

54 

mA 

12 

mA 

*  In  rectifier  service,  the  minimum  total  effective  plate-supply  impedance  per  plate  is  560  ohms. 


H 


6BC8 

MEDIUM-MU  TWIN  TRIODE  4BC8 

Miniature  type  used  as  a  cascode  amplifier  in  vhf  tele¬ 
vision  tuners  and  in  push-pull  cathode-drive  rf  ampli¬ 
fiers.  Outlines  section,  6.B;  requires  miniature  9-contact 
socket.  Type  4BC8  is  identical  with  type  6BC8  except 
for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . . . . 

Heater  Current  . .  . . . . 

Heater  Warm-up  Time  (Average)  . . .  . . . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . .  . . . 

Direct  Interelectrode  Capacitances* : 

Grid  to  Plate  ......  . 

Grid  to  Cathode,  Heater,  and  Internal  Shield  .... 
Cathode  to  Grid,  Heater,  and  Internal  Shield  .... 
Plate  to  Cathode,  Heater,  and  Internal  Shield  .... 

Plate  to  Grid,  Heater,  and  Internal  Shield  . . 

Plate  to  Cathode  . . . . 

Heater  to  Cathode  . . . 

Plate  of  Unit  No.l  to  Plate  of  Unit  No. 2  . 

Plate  of  Unit  No.2  to  Plate  and  Grid  of  Unit  No.l 


*  With  external  shield  connected  to  internal  shield. 


4BC8  6BC8 

4.2  6.3 

volts 

0.6  0.4 

ampere 

11 

seconds 

±200*max  ±200* max 

volts 

100  max  100  max 

volts 

Unit  No.l  Unit  No.2 

1.2  1.2 

pF 

2.6  — 

pF 

—  5.5 

pF 

1.3  —  ' 

pF 

—  2.4 

PF 

—  0.12 

pF 

2.8  2.8 

PF 

0.02  max 

PF 

0.04  max 

PF 

>ns,  when  tube  is  used  as 

a  cascode 

is  negative  with  respect  to  cathode. 

Class  A,  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . .... .  . , •; ,  . . 

Cathode  Current  . .  . . . .  i ^ . ; . . 

Plate  Dissipation  . . . . . . . . . . .  i, . .... . . ; , . ... . . 

CHARACTERISTICS 

Plate  Supply  Voltage  .  . . .  . . 

Cathode-Bias  Resistor  . . . . . 

Plate  Resistance  (Approx.)  . . . 

Amplification  Factor  . . .  . . . . . . 

Transconductance  . . . . . 

Plate  Current . .  v>  . . . 

Grid  Voltage  (Approx.)  for  transconductance  of  50  jumhos . 


250* 

volts 

22 

mA 

2.2 

watts 

150 

volts 

220 

ohms 

5300 

ohms 

35 

^tmhos 

6200 

10 

mA 

■—13 

volts 
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MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance  . •  *v . •  •  •  •  •  ,  .  megohm 

*  Rating  may  be  as  high  as  300  volts  under  cutoff  conditions,  when  tube  is  used  as  a  caseode 
amplifier,  the  two  units  are  connected  in  series,  and  heater  is  negative  with  respect  to  cathode. 


6BD4 

6BD4A 

6BD6 


Kefer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


6BD11  DUAL  TRIODE— 

TsZ u  SHARP-CUTOFF  PENTODE 

Duodecar  type  used  in  television  receiver  applications. 
The  high-mu  triode  unit  No.l  is  used  in  general- 
purpose  applications,  the  medium-mu  triode  unit  No.2 
in  sync-separator  circuits,  and  the  pentode  unit  as  a 
video  amplifier.  Outlines  section,  8B;  requires  duodecar 
12-contact  socket.  Type  15BD11  is  identical  with  type 
6BD11  except  for  heater  ratings. 

6BD11 

.........  6.3 

. . ; . .  i.o5 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


±200  max 
100  max 
Triode  Triode 


Unit  No.l  Unit  No.2 


0.45 

11 

±200  max 
100  max 
Pentode 


amperes 

seconds 


volts 

volts 


330 


0 

1.5 


330 


Unit 
330 
330 

See  curve  page  f 


1.1 


volts 

volts 


volts 

watts 


watts 


See  curve  page  96 


Triode 
Unit  No.l  Unit  No.2 


Pentode  Unit 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . •  •  —  •  . . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . .  •  ■  •  . . : 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias 

value  . 

Plate  Dissipation  . . . . 

Grid-No. 2  Input:  '  ■  . , 

For  grid-No.2  voltages  up  to  165  volts  ••••••■ 

For  grid-No.2  voltages  between  165  and  33U 

volts  .  .  . . 

Triode 

CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  . 

Grid-No.2  Current  . . ■  •  - - -  •  •  • 

Grid-No.  1  Voltage  (Approx.)  for  plate 

current  of  100  il A  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 

■  This  value  may  be  measured  by  a  method  involving  a  recurrent  waveform  sue  t  at  e 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


200 

—2 

68 

12400 

5500 

7 


— 5.5 


0.5 

1 


200 


220 

41 

9400 

4400 

9.2 


-6.5 


0.5 

1 


35 

135 

0 


34* 

13* 


135 

135 

0 

100 

45000 

10400 

17 

4 

—6 


volts 

volts 

volts 

ohms 

ohms 
lim  hos 
mA 
mA 

volts 


megohm 

megohm 


6BE3  HALF-WAVE 

12BE3,  i7»E3  VACUUM  RECTIFIER 

Duodecar  type  used  as  damper  tube  in  horizontal-de-  NC1 
flection  circuits  of  color  and  black-and-white  television 
receivers.  Outlines  section,  8D;  requires  duodecar  12- 
contact  socket.  Types  12BE3  and  17BE3  are  identical 
with  type  6BE3  except  for  heater  ratings. 


12GA 
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6BE3 

Heater  Voltage  (ac/dc)  .  J.3 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  .  — 

Direct  Interelectrode  Capacitances  (Approx.) : 

12BE3 
12. G 
0.6 

11 

imm 

16.8 

0.46 

11 

10 

volts 

ampere 

seconds 

pF 

8.0 

pF 

3.4 

pF 

Damper  Service 

For  operation  in  a  525-line,  30-frame  system 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . 

5000 

1200 

volts 

mA 

200 

mA 

6.5 

watts 

Heater-Cathode  Voltage: 

Peak  value  . . *  ♦ 

Average  value  . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  dc  plate  current  of  350  mA  . 

+300 

+100 

—5000 

—900 

25 

volts 

volts 

volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


PENTAGRID  CONVERTER 


6BE6 

3BE6,  12BE6 


Miniature  type  used  as  converter  in  AM  and  FM  re¬ 
ceivers.  Outlines  section,  5C;  requires  miniature  7-con¬ 
tact  socket.  The  6BE6  is  similar  in  performance  to 
metal  type  6SA7.  For  general  discussion  of  pentagrid 
types,  see  Frequency  Conversion  in  Electron  Tube  Ap¬ 
plications  section.  Types  3BE6  and  12BE6  are  identical 
with  type  6BE6  except  for  heater  ratings. 


Heater  Voltage  (ac/de)  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value  . 

Direct  Interelectrode  Capacitances : 

Grid  No.3  to  Plate  . . . 

Grid  No.3  to  Grid  No.l  . 

Grid  No.l  to  Plate  . 

Grid  No.3  to  All  Other  Electrodes  . 

Grid  No.l  to  All  Other  Electrodes  . 

Plate  to  All  Other  Electrodes  . .  .  . . 

Grid  No.l  to  Cathode  and  Grid  No.5  . 

Cathode  and  Grid  No.5  to  All  Other  Electrodes 
except  Grid  No.l  . . . . . 


3BE6 

6BE6 

12BE6 

3.15 

6.3 

12.6 

volts 

0.6 

0.3 

0.15 

ampere 

11 

— 

— 

seconds 

±200  max  ±200  max  ±200  max 

volts 

100  max  100  max  100  max 

Unshielded  Shielded® 

volts 

0.30  max 

0.25  max 

pF 

0.15  max 

0.15  max 

pF 

0.10  max 

0.05  max 

pF 

7.0 

7.0 

pF 

5.5 

5.5 

pF 

8.0 

13.0 

pF 

3.0 

3.0 

PF 

15.0 

20.0 

pF 

“  With  external  shield  connected  to  cathode  and  grid  No.5. 


Converter 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grids-No.2-and-No.4  (Screen-Grid)  Voltage  . 

Grids-No.2-and-No.4  Supply  Voltage  . . 

Cathode  Current  . 

Plate  Dissipation  .  .  . . . . 

Grids-No.2-and-No.4  Input  . . . 

Grid-No.3  Voltage: 

Negative-bias  value  . 

Positive-bias  value  . - 

Heater-Cathode  Voltage : 

Peak  value  . . . . 

Average  value  . . 

TYPICAL  OPERATION  (Separate  Excitation)* 

Plate  Voltage  . 100 

Grids-No.2-and-No.4  (Screen-Grid)  Voltage  .  100 

Grid-No.l  (Oscillator-Grid)  Voltage  (rms)  . 10 

Grid-No.3  (Control-Grid)  Voltage  .  — 1.5 

Grid-No.l  (Oscillator-Grid)  Resistor  .  20000 

Plate  Resistance  (Approx.)  . . 0.4 


330 

110 

330 

15.5 

1.1 

1.1 

—55 

0 

200 

100 


250 

100 

10 

—1.5 

20000 

1.0 


volts 

volts 

volts 

mA 

watts 

watts 

volts 

volts 

volts 

volts 


volts 

volts 

volts 

volts 

ohms 

megohm 
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Conversion  Transconductance  . . * 

Plate  Current  . . . . 

Gnds-No.2-and-No.4  Current  . . . . . 

Grid-No.  1  Current  . . . . 

Cathode  Current  . . . . ^ 

Grid-No.3  Voltage  for  conversion  transconductance 
of  10  /mihos  . . 


455 

475 

/imhos 

2.6 

2.9 

in  A 

7.0 

6.8 

mA 

0.5 

0.5 

mA 

10.1 

10.2 

mA 

—30 

• — 30 

volts 

NOTE:  The  transconductance  between  grid  No.l  and  grids  No. 2  and  No. 4  connected  to  plate 
(not  oscillating)  is  approximately  7250  /^mhos  under  the  following  conditions :  grids  No.l 
and  No. 3  at  0  volts;  grids  No.2  and  No. 4  and  plate  at  100  volts.  Under  the  same  conditions, 
the  cathode  current  is  25  mA,  and  the  amplification  factor  is  20.  Grid-No. 1  voltage  (Approx.) 
for  plate  current  of  10  fiA  is  — 11  volts. 

•*  The  characteristics  shown  with  separate  excitation  correspond  very  closely  with  those  ob¬ 
tained  in  a  self-excited  circuit  operating  with  zero  bias. 


Installation  and  Application 

Because  of  the  special  structural  arrangement  of  the  6BE6,  a  change 
in  signal-grid  voltage  produces  little  change  in  cathode  current.  Conse¬ 
quently,  an  rf  voltage  on  the  signal  grid  produces  little  modulation  of  the 
electron  current  flowing  in  the  cathode  circuit.  This  feature  is  important 
because  it  is  desirable  that  the  impedance  in  the  cathode  circuit  should 
produce  little  degeneration  or  regeneration  of  the  signal-frequency  input 
and  intermediate-frequency  output.  Another  important  feature  is  that, 
because  signal-grid  voltage  has  very  little  effect  on  the  space  charge  near 
the  cathode,  changes  in  avc  bias  produce  little  change  in  oscillator  trans¬ 
conductance  and  in  the  input  capacitance  of  grid  No.l.  There  is,  therefore, 
little  detuning  of  the  oscillator  by  avc  bias. 

A  typical  self-excited  oscillator  circuit  employing  the  6BE6  is  given 
in  the  Circuits  section. 

In  the  6BE6  operation  characteristics  curves  with  self-excitation,  Efc  is 
the  voltage  across  the  oscillator-coil  section  between  cathode  and  ground; 
Eg  is  the  oscillator  voltage  between  cathode  and  grid. 


OPERATION  CHARACTERISTICS 


OPERATION  CHARACTERISTICS 

WITH  SEPARATE  OSCILLATOR  EXCITATION 


TY 
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DS-N8  2  8.  NS  4  VOLTS  =  100 

D-  NS  3  (CONTROL-GRID) VOLTS »-t.5- 
D-N2I  RESISTOR-OHMS  =  20000 
D-NSl  CURRENT  VARIED  BY 

xiustment  or  oscillator  voltage- 

1  1  1  III 

[/RECOMMENDED  MINIMUM 
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0  4  I  0.6  1.2 

(pRlD-NSl  MILL1AMPERES  (ICl) 

92CM-6624Tj 
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6BF5 

6BF6 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


r  <*P  Pp  beam  power  tube—  6BF11 

sharp-cutoff  pentode  12BF11, 17BF11 

Duodecar  type  used  as  combined  detector  and  amplifier 
^p:::  ::3mXg  tube  in  color  and  black-and-white  television  receivers. 

2a  'phe  dual-control,  sharp-cutoff  pentode  unit  is  used  as 
an  FM  detector  and  the  beam  power  unit  as  an  af  output 
is  t y  amplifier.  Outlines  section,  8C;  requires  duodecar  12- 

H  contact  socket.  Types  12BF11  and  17BF11  are  identical 

12EZ  with  type  6BC11  except  for  heater  ratings. 


6BF11  12BF1.1  17BF11 


Heater  Voltage  (ac/dc)  . . .  6.8  12.6  16.8 

Heater  Current  . .  1.2  0.6  0.45 

Heater  Warm-up  Time  (Average)  .  —  11  11 

Heater-Cathode  Voltage : 

Peak  value  . .  100  max  100  max 

Average  value  . . . . .  ±200  max  ±200  max 

Direct  Interelectrode  Capacitances : 

Pentode  Unit: 

Grid  No.l  to  Plate . . .  0.26 

Grid  No.3  to  Plate  . .  3.2 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3, 

and  Internal  Shield  . . . .  6.5 

Grid  No.3  to  Cathode,  Heater,  Grid  No.l,  Grid  No.2,  Plate, 

and  Internal  Shield . . . . . .  8.0 

Grid  No.l  to  Grid  No.3  .  0.11 

Beam  Power  Unit: 

Grid  No.l  to  Plate  . . . .  0.24 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . 13 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . 10 

Pentode  Plate  to  Beam  Power  Plate  . . .  0.13 

Beam  Power  Unit  as  Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  165 

Grid-No. 2  (Screen-Grid)  Voltage  .  150 

Average  Cathode  Current  . . . . .  65 

Plate  Dissipation  . 6.5 

Grid-No.2  Input  . 1.8 


volts 

amperes 

seconds 

volts 

volts 


PF 

PF 

pF 


PF 

PF 


PF 

pF 

pF 

pF 


volts 

volts 

mA 

watts 

watts 
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TYPICAL  OPERATION 

Plate  Voltage  . . 

Grid-No.2  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage  . 

Peak  AF  Grid-No.l  Voltage  . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current  , .  . 
Zero-Signal  Grid  No.2  Current  .... 
Maximum-Signal  Grid-No. 2  Current 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Load  Resistance  .  . ; . 

Total  Harmonic  Distortion  . 

Maximum- Signal  Power  Output  . . . 
MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation.  .... 


145 

volts 

110 

volts 

— 6 

volts 

6 

volts 

36 

raA 

40 

mA 

3 

mA 

9 

mA 

0.03 

megohm 

8600 

//mhos 

3000 

ohms 

10 

per  cent 

2.4 

watts 

0.25 

megohm 

0.6 

megohm 

TYPE  6BFII 

PENTODE  UNIT 

DC  GRID-No.3  VOLTAGE  <EC3)=OV 

dc  grid-No.2  voltage(£c2)=ioov 

■ 

a 

■ 

■ 

■ 

Wa 

i 

■ 

■ 

■ 

m 

0 

— 

ss 

B 

— — 

. 

o  too  "oo  300  400  bOU 

PLATE  VOLTSs_ij739 


Pentode  Unit  as  Class  At  Amplifier 

CHARACTERISTICS 

Plate  Supply  Voltage  . .  •  •  •  •  •  •;  •  *  ■ . v. 

Grid  No. 3  (Control-Grid)  .  Connected  to  negative 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . •  . 

Grid  No.l  (Control  Grid)  .  Connected  to  negative 

Cathode-Bias  Resistor  . . . . 

Plate  Resistance  (Approx.)  . . . . . . . 

Transconductance,  Grid  No.l  to  Plate  . . . 

Transconductance,  Grid  No.3  to  Plate  . . 

Plate  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  10  fiA  . 

Grid-No. 3  Voltage  (Approx.)  for  plate  current  of  10  fiA  ... - - 

Pentode  Unit  as  FM  Sound  Detector 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.3  Voltage  . . 

Grid  No.2  Supply  Voltage  . . 

Grid-No.2  Voltage  . ■_••••••■  i  ■. . : . *  *  ”  * 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . 

Plate  Dissipation  . . . . 

Grid-No.2  Input:  i 

For  grid -No.  2  voltages  up  to  165  volts  ..... .  . . ■* 

For  grid-No.2  voltages  between  165  and  330  volts . . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  .  . . . . 

For  cathode-bias  operation  . . * . .  ° 


150 

volts 

end  of  cathode  resistor 

100 

volts 

end  of  cathode  resistor 

560 

ohms 

0.15 

megohm 

1000 

//mhos 

400 

//.mhos 

1.3 

mA 

2 

mA 

—4.5 

volts 

—4.5 

volts 

330 

volts 

28 

volts 

330 

volts 

See  curve  page  96 

0 

volts 

1.7 

watts 

1.1 

watts 

See  curve  page  96 


0.25 

0.5 


megohm 

megohm 


6BG6G 

6BG6GA 


Refer  to  chart  at  end  of  section. 
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6BH3 

6BH3A 


17BH3,  17BH3A, 
22BH3,  22BH3A 


HALFWAVE 
VACUUM  RECTIFIER 

Novar  types  used  as  damper  tubes  in  horizontal-de¬ 
flection  circuits  of  black-and-white  television  receivers. 
Outlines  section,  11D  and  30B,  respectively;  require 
novar  9-contact  socket.  Socket  terminals  1,  3,  6,  and  8  should  not  be  used 
as  tie  points.  These  tubes,  like  other  power-handling  tubes,  should  be  ade¬ 
quately  ventilated.  Types  17BH3  and  17BH3A  and  types  22BH3  and  22BH3A 
are  identical  with  types  6BH3  and  6BH3A  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . . ... 

6BH3 

6BH3A 

6.8 

I7BH3 

17BH3A 

17 

22BH3 

22BH3A 

22.4 

volts 

Heater  Current  . . . 

1.6 

0.6 

0.45 

amperes 

Heater  Warm-up  Time  (Average)  . 

.  — 

11 

11 

seconds 

Direct  Interelectrode  Capacitances  (Approx.)  : 
Plate  to  Cathode  and  Heater  . 

6.5 

PF 

Cathode  to  Plate  and  Heater  . 

9.0 

pF 

Heater  to  Cathode  . 

2,8 

pF 

Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 


Peak  Inverse  Plate  Voltage#  .  5500 

Peak  Plate  Current  . .  1100 

Average  Plate  Current  . 180 

Plate  Dissipation  .  6.5 

Heater-Cathode  Voltage : 

Peak  value  . . . .  4-300  — 5500 

Average  value  .  +100  — 900 


volts 

mA 

mA 

watts 

volts 

volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


SHARP-CUTOFF  PENTODE  6BH6 

Miniature  type  used  as  rf  amplifier  particularly  in 
ac/dc  receivers  and  in  mobile  equipment  where  low 
heater-current  drain  is  important.  It  is  particularly 
useful  in  high-frequency,  wide-band  applications. 
Outlines  section,  5C;  requires  miniature  7-contact 
socket. 


Heater  Voltage  (ac/dc)  .  6.3 

Heater  Current  . 0.15 

Peak  Heater-Cathode  Voltage  .  ±90  max 

Direct  Interelectrode  Capacitances:" 

Grid  No.l  to  Plate  .  0.0035  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3,  and 

Internal  Shield  . 5.4 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . 4.4 


»  Without  external  shield,  or  with  external  shield  connected  to  cathode. 


volts 

ampere 

volts 

PF 

pF 

pF 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No. 2  Supply  Voltage  . . 

Grid-No.l  (Control-Grid)  Voltage: 

Negative-bias  value  .  .  . . . . . .  ...... ...... 

Positive-bias  value  . 


300  volts 

See  curve  page  96 
800  volts 

—50  volts 

0  volts 
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Plate  Dissipation  . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts 

CHARACTERISTICS 

Plate  Voltage  . ...... . 

Grid  No.3  . , . 

Grid-No.2  Voltage  . . . . 

Grid-No.  1  Voltage  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . . 

Plate  Current  . . . . .  * 

Grid-No.2  Current  . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 
10  fiA  . 


3  watts 

0.5  watt 

See  curve  page  96 


100 

250 

volts 

Connected 

to  cathode 

at  socket 

100 

150 

volts 

— 1 

—1 

volt 

0.7 

1.4 

megohms 

3400 

4600 

jumhos 

3.6 

7.4 

mA 

1.4 

2.9 

mA 

—  5 

—7.7 

volts 

MEDIUM-MU  TRIODE 
SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  pentode  unit  is  used 
as  an  if  amplifier,  video  amplifier,  or  age  amplifier. 
The  triode  unit  is  used  in  low-frequency  oscillator 
circuits.  Outlines  section,  6E;  requires  miniature  9- 
contact  socket.  Type  8BH8  is  identical  with  type  6BH8 
except  for  heater  ratings. 


6BH8 

Heater  Voltage  (ac/dc)  .  j>.3 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  .  11 

Heater-Cathode  Voltage :  , 

Peak  value  .  max 

Average  value  . . . . .  •  •  •  1“0  max 

Direct  Interelectrode  Capacitances  (Approx.) : 

Triode  Unit: 

Grid  to  Plate  . 

Grid  to  Cathode  and  Heater  . . . . 

Plate  to  Cathode  and  Heater  . . . . . 

Pentode  Unit : 

Grid  No.l  to  Plate  . . . . . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  ....  . .  •  . . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . . . . . . . . 

Triode  Grid  to  Pentode  Plate  . . . . 

Pentode  Grid  No.l  to  Triode  Plate  . . . . 

Pentode  Plate  to  Triode  Plate  . . . . . 


8BH8 

8.4 

0.45 


±200  max 
100  max 


2.4 

2.6 

0.38 

0.046 

7 

2.4 

0.016 

0.004 

0.095 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 


Class  A,  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . '•'••• 

Grid-No.2  Voltage  ...  .  . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . . 

For  grid-No.2  voltages  between  150  and  300  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid-No.2  Supply  Voltage  . 

Grid-No.  1  Voltage  . . . 

Cathode-Bias  Resistor  . 

Amplification  Factor  . . . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . 

Grid-No. $  Current  . : . . .  ■  • 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

100  fiA  . . ’ . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . . . . . 


Triode  Unit  Pentode  Unit 


300 

300 

volts 

— 

300 

See  curve  page  96 

volts 

0 

0 

volts 

2.5 

3 

watts 

— 

1 

See  curve  page  96 

watt 

150 

200 

volts 

_ 

125 

volts 

• — 5 

— 

volts 

17 

82 

ohms 

5150 

150000 

ohms 

3300 

7000 

/imhos 

9.5 

15 

mA 

3.4 

mA 

—14 

—8 

volts 

0.5 

0.25 

megohm 

1.0 

1.0 

megohm 
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MEDIUM-MU  TWIN  TRIODE 
SHARP-CUTOFF  PENTODE 


6BH11 


12FP 


Duodecar  type  used  in  color  and  black-and-white  tele- 
>Gzp  vision  receiver  applications.  The  triode  units  are  used 
Pp  for  general-purpose  applications,  and  the  pentode  unit 
is  used  for  horizontal-deflection  service.  Outlines  sec- 
'Kp.Gsption,  8B;  requires  duodecar  12-contact  socket.  Heater : 
ls  volts  (ac/dc),  6.3;  amperes,  0.8;  maximum  heater- 
cathode  volts,  ±200  peak,  100  average. 

Pentode  Unit  as  Horizontal-Deflection  Oscillator 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . .  . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage: 

Positive-bias  value  . . . 

Peak  negative  value  . . . 

Peak  Cathode  Current  . . . 

Average  Cathode  Current  . . . 

Plate  Dissipation  . . . 

Grid-No. 2  Input  . 


Class  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . . . 

Grid  Voltage,  Positive-bias  Value  . 

Plate  Dissipation  . . . 


350 

330 

0 

—175 

300 

20 

2.5 

0.55 


Each  Triode  Unit 


volts 

volts 

volts 

volts 

mA 

mA 

watts 

watt 


CHARACTERISTICS 

Plate  Voltage  . . . 

Grid-No.2  Voltage  . 

Grid-No.  1  Voltage  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  .  .  . . . 

Plate  Current  . . . 

Grid-No.2  Current  . .  . .  . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current 

of  10  /x A  .....  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


330 

volts 

0 

volts 

2.5 

watts 

Each 

Pentode  Unit 

Triode  Unit 

125 

125 

volts 

125 

'  — 

volts 

—1 

— 1 

volt 

— 

46 

200000 

5400 

ohms 

7500 

8500 

/imhos 

12 

13.5 

mA 

4 

— 

mA 

—8 

—8 

volts 

2.2 

2.2 

megohms 

2.2 

2.2 

megohms 

6BJ3 


HALF-WAVE 
VACUUM  RECTIFIER 

Duodecar  type  used  as  damper  tube  in  horizontal-de¬ 
flection  circuits  of  black-and-white  television  receivers. 
Outlines  section,  BC;  requires  duodecar  12-contact 
socket.  Socket  terminals  5,  6,  8,  and  9  should  not  be 
used  as  tie  points.  This  tube,  like  other  power-han¬ 
dling  tubes,  should  be  adequately  ventilated.  Heater: 
volts  (ac/dc),  6.3;  amperes,  1.2. 

Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . . .  3300 

Peak  Plate  Current  . . . .  840 

Average  Plate  Current  . . . . 

Plate  Dissipation  . 

Heater-Cathode  Voltage : 

~  '  ‘  . .  +300 


12BL 


140 

4 


.volts 

mA 

mA 

watts 


Peak  value 

Average  value  . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  250  mA 


+100 


-3300 

—600 


21 


volts 

volts 


volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 
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6BJ6  REMOTE-CUTOFF  PENTODE 

Miniature  type  used  as  rf  amplifier  in  high-frequency 
and  wide-band  applications.  Features  high  transcon¬ 
ductance  and  low  grid-to-plate  capacitance.  Outlines 


section,  5C;  requires  miniature  7-contact  socket.  7CM 

Heater  Voltage  (ac/dc)  . 6.3  volts 

Heater  Current  . 0.15  ampere 

Peak  Heatei’-Cathode  Voltage  . ±:9Q  max  volts 

Direct  Interelectrode  Capacitances:* 

Grid  No.l  to  Plate  . 0.0035  max  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  .  4.5  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 
Internal  Shield  . 5.5  pF 


*  Without  external  shield,  or  with  external  shield  connected  to  cathode. 


Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . 

Grid-No. 2  (Screen-Grid)  Voltage  . . . . 

Grid-No.  2  Supply  Voltage  . .  . . 

Plate  Dissipation  . 

Grid-No.2  Inpiit: 

For  grid-No.2  voltages  up  to  150  volts  . . 

For  grid-No.2  voltages  between  150  and  300  volts  .. 
Grid-No.  1  (Control-Grid)  Voltage: 

Negative-bias  value  . 

Positive-bias  value  . 

CHARACTERISTICS 

Plate  Voltage  . . . . . . * . 

Grid  No.3  . 

Grid-No.2  Voltage  . . 

Grid-No.  1  Voltage  . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . . 

Plate  Current  . 

Grid-No.2  Current  . .  . . . . 

Grid-No.l  Voltage  (Approx.)  for  transconductance  of 
10  jumhos  . . . 


300  volts 

See  curve  page  96 
300  volts 

3  watts 

0.6  watt 

See  curve  page  96 

—50  volts 

0  volts 


100 

250 

volts 

Connected 

to  cathode 

at  socket 

100 

100 

volts 

—1.0 

—1.0 

volt 

0.25 

1.3 

megohms 

3650 

3600 

p,m  hos 

9.0 

9.2 

mA 

3.5 

3.3 

xnA 

—20 

—20 

volts 

6BJ7  TRIPLE  DIODE 

Miniature  type  used  as  a  dc-restorer  tube  in  each  of 
the  three  signal  channels  of  color-television  receivers. 
Each  diode  has  a  separate  cathode.  Outlines  section, 
6B;  requires  miniature  9-contact  socket. 


Kd3  Kdj 

9AX 


Heater  Voltage  . 

Heater  Current  . . . . 

Direct  Interelectrode  Capacitances : 

Plate  of  Unit  No.l  to  Cathode  of  Unit  No.l,  Heater,  and 

Internal  Shield  . . . . 

Plate  of  Unit  No.2  to  Cathode  of  Unit  No.2,  Heater,  and 

Internal  Shield  . . . . . 

Plate  of  Unit  No.3  to  Cathode  of  Unit  No.3,  Heater  .and 

Internal  Shield  . . . . 

Cathode  of  Unit  No.l  to  Plate  of  Unit  No.1,  Heater,  and 

Internal  Shield  . . . 

Cathode  of  Unit  No.2  to  Plate  of  Unit  No.2,  Heater,  and 

Internal  Shield  . . . . . . 

Cathode  of  Unit  No.3  to  Plate  of  Unit  No.3,  Heater,  and 

Internal  Shield  . . . 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  . 

Plate  of  Unit  No.2  to  Plate  of  Unit  No.3  . 

Plate  of  Unit  No.3  to  Plate  of  Unit  No.l  . 


6.3 

volts 

0.45 

ampere 

3 

pF 

2.6 

pF 

2.6 

pF 

4 

pF 

3.8 

pF 

4 

pF 

0.055 

pF 

0.036 

pF 

0.036 

pF 

Technical  Data 


179 


DC  Restorer  Service 

MAXIMUM  RATINGS  {Design-Center  Values,  Each  Unit) 

Peak  Inverse  Plate  Voltage  . .  . 

Peak  Plate  Current  . . .  . . . . . 

Average  Output  Current  . . 

Peak  Heater-Cathode  Voltage  . 


+100 


330 

10 

1 


volts 

mA 

mA 

volts 


H 

~7?U 

pi>2r 

h  *®kt 

9ER 

frequency  oscillator 
9-contact  socket. 

TWIN  DIODE— 

MEDIUM-MU  TRIODE 

Miniature  type  used  in  black-and-white  and  color  tele¬ 
vision  receiver  applications.  The  diode  units  are  used 
in  phase-detector,  phase-comparator,  ratio-detector  or 
discriminator,  and  horizontal  afc  discriminator  circuits. 
The  triode  unit  is  used  in  phase-splitter,  audio-fre¬ 
quency  amplifier,  vertical-deflection  amplifier,  and  low- 
applications.  Outlines  section,  6E;  requires  miniature 


Heater  Voltage  (ac/dc)  . - . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . . . 

Direct  Interelectrode  Capacitances : 

Triode  Unit : 

Grid  to  Plate  . . . 

Grid  to  Cathode  and  Heater  . . . . 

Plate  to  Cathode  and  Heater  . 

Diode  Units : 

Plate  to  Cathode  and  Heater  (Each  Unit)  . . 

Cathode  to  Plate  and  Heater  (Each  Unit)  . . . . . 

Plate  of  Unit  No.l  to  Plate  of  Unit  No. 2  . . . 

Plate  of  Diode  Unit  No.l  to  Triode  Grid  . 

Plate  of  Diode  Unit  No.2  to  Triode  Grid  . 

Plate  of  Either  Diode  Unit  to  All  Other  Electrodes  . 

Cathode  of  Either  Diode  Unit  to  All  Other  Electrodes  ......... 

Triode  Unit  as  Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid  Voltage,  Positive-bias  value  . . . . . 

Average  Cathode  Current  . . 

Plate  Dissipation  . . . . 

CHARACTERISTICS 

Plate  Voltage  . 90 

Grid  Voltage  . *  •  •  0 

Amplification  Factor  . 22 

Plate  Resistance  (Approx.)  . 4700 

Transconductance  .  .  . .  4700 

Plate  Current  .  13.5 

Plate  Current  for  grid  voltage  of  — 12.5  volts  .  — 

Grid  Voltage  (Approx.)  for  plate  current  of  10  fiA  ..  — 7 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  . . . 


6.3 

0.6. 

11 

dr 200  max 
100  max 


2.6 

2.8 

0.31 


1.9 

4.6 

0.06  max 
0.07  max 
0.11  max 
3.0 
4,8 


330 

0 

22 

4- 


200 
—9 
20 
7150 
2800 
8 
1.7 
— 18 


1 


Triode  Unit  as  Vertical-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . .  330 

Peak  Positive-Pulse  Plate  Voltage#  . . . .  1200 

Peak  Negative-Pulse  Grid  Voltage  . . . .  • — 275 

Peak  Cathode  Current  . . . . . .  ^ 

Average  Cathode  Current  . . .  22 

Plate  Dissipation  . . .  4 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  cathode-bias  operation  . . .  2.2 


volts 

ampere 

seconds 

volts 

volts 


pF 

PF 

pF 

PF 

pF 

pF 

PF 

pF 

pF 

pF 


volts 

volts 

mA 

watts 


volts 

volts 

ohms 

/tmhos 

mA 

mA 

volts 


megohm 


volts 

volts 

volts 

mA 

mA 

watts 


megohms 


#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 

Diode  Units 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  (Each  Unit)  : 


Peak  . . . 54  m  A 

Average  . . . . . . . . *  9  mA 
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6BK4  Refer  to  chart  at  end  of  section. 

6BK4A  SHARP-CUTOFF 

6BK4B  BEAM  TRI0DE 

Glass  octal  types  used  for  the  voltage  regulation  of 
high-voltage,  low-current  dc  power  supplies  in  color 
and  l)lack-and-white  television  receivers.  Outlines  sec¬ 
tion,  21B;  require  octal  socket.  Type  6BK4B  is  iden¬ 
tical  with  type  6BK4A  except  for  a  higher  plate  dis¬ 
sipation  and  peak  heater-cathode  voltage. 

Heater  Voltage  (ac/dc)  . . 

Hea  te  r  Cu  rre  nt  . 

6B&4A 

Peak  Heater-Cathode  Voltage  .  — 200 


6.3  volts 

0.2  ampere 

6BK4B 

— 450*max  volts 


AVERAGE  TRANSFER 
CHARACTERISTICS 


92CS-3432TP 


Technical  Data 
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Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  to  Plate  . ............. . . . 

Grid  to  Cathode  and  Heater  . . . 

Plate  to  Cathode  and  Heater  . 

Amplification  Factor  (Approx.)  ........  ....  . 


•  Series  impedance  should  be  used  with  the  cathode  to  limit  the  cathode  current  under 
prolonged  short-circuit  conditions  to  450  mA. 

Voltage-Control  Service 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . . . . . I ....  .  27000  volts 

Unregulated  DC  Supply  Voltage  . .  .......  60000  volts 

DC  Grid  Voltage . —135  volts 

Peak  Grid  Voltage"  . . . . . . .  — 440  volts 

Average  Plate  Current  . . . :..... . .  1.6  mA 

Plate  Dissipation  (6BK4A)  30  watts 

Plate  Dissipation  (6BK4B)  40  ivatts 

MAXIMUM  CIRCUIT  VALUE 
Grid-Circuit  Resistance : 

For  use  with  “Flyback  Transformer’ "  high-voltage  supply  -  3  megohms 

»  For  interval  of  20  seconds  maximum  duration  during  equipment  warm-up  period. 

Refer  to  chart  at  end  of  section.  6BK5 


Refer  to  chart  at  end  of  section. 


6BK7A 


MEDIUM-MU  TWIN  TRIODE  6BK7B 


*T20g 

Miniature  type  used  as  a  cascode  amplifier  in  vhf  color 
and  black-and-white  television  tuners  and  in  push-pull 
cathode-drive  rf  amplifiers.  Outlines  section,  6B;  re¬ 
quires  miniature  9-contact  socket.  For  typical  opera¬ 
tion  as  a  resistance-coupled  amplifier,  refer  to  Resist¬ 
ance-Coupled  Amplifier  section.  Type  5BK7A  is  identi¬ 
cal  with  type  6BK7B  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . . . . 

Heater  Current  . . . . . . . . . ; 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage : 

Peak  value  . . . . . 

Average  value  . . . . 

Direct  Interelectrode  Capacitances : 

Grid  to  Plate  . . . 

Grid  to  Cathode,  Heater,  and  Internal  Shield  .  . 

Plate  to  Cathode,  Heater,  and  Internal  Shield  . . 

Cathode  to  Grid,  Heater,  and  Internal  Shield  . . 

Plate  to  Grid,  Heater,  and  Internal  Shield 

Plate  to  Cathode  . . .  .  .  _ _ _ ... . 

Heater  to  Cathode  . . . 

Grid  of  Unit  No.l  to  Grid  of  Unit  No.2  ....... 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  _ _ 


5BJC7A 

6BK7B 

4.7 

6.3 

volts 

0.6 

0.45. 

ampere 

11 

11 

seconds 

±200*max 

±200*max 

volts 

100  max 

100  max 

volts 

Unit  No.l 

Unit  No.2 

1.8 

1.8 

pF 

3 

3 

pF 

1 

0.9 

pF 

6 

6 

pF 

2.4 

2.4 

PF 

0.22 

0.22 

pF 

2.8 

3 

pF 

0.004  max 

pF 

0.075  max 

pF 

*  Rating  may  be  as  high  as  300  volts  under  cutoff  conditions  when  tube  is  used  as  s 
amplifier,  the  units  are  connected  in  series,  and  heater  is  negative  with  respect  to 

Class  Ax  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Center  Value) 

Plate  Voltage  . . . . .  .  . . . . .  300 

Grid  Voltage,  Negative-bias  value  . .  .'.  . .  . . .  — 50 

Plate  Dissipation  . . . . .  . .... . .  2.7 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . . .  150 

Cathode-Bias  Resistor  ....  . . .  . ..... . . .. .  , ; ... . ; . ,  56 

Amplification  Factor  . . . J  . . . .  ... . ... .  43 

Plate  Resistance  (Approx.)  .  . . .  .  j , ,  .............  4600 

Transconductance  . . i ,  v. . . . . : ...  9300 

Plate  Current  . . .  ...  ............. .... . . . . . , . . . .  .V. ...  18 

Grid  Voltage  (Approx.)  for  plate  current  of  10  # A  ..v ....... .  —11 


cascode 

cathode. 


Refer  to  chart  at  end  of  section. 
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6BL7GT 


Refer  to  chart  at  end  of  section. 


6BL7GTA  MEDIUM-MU  TWIN  TRIOOE 

Glass  octal  type  used  as  combined  vertical-deflection 
amplifier  and  vertical-deflection  oscillator  in  color  and 
black-and-white  television  receivers.  When  so  operated, 
it  is  recommended  that  unit  No.l  (pins  4,  5,  and  6)  be 
used  as  the  oscillator.  Outlines  section,  13D;  requires 
octal  socket. 

Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . ■"i  * 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . 

Direct  Interelectrode  Capacitances  (Approx.)  :  Unit  No,  1 

Grid  to  Plate  . .  % 

Grid  to  Cathode  and  Heater  .  -*.2 

Plate  to  Cathode  and  Heater  . 

Class  Ai  Amplifier 

CHARACTERISTICS  (Each  Unit) 

Plate  Voltage  .  3 

Grid  Voltage  . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  . . . . . . 

Grid  Voltage  (Approx.)  for  plate  current  of 

50  /iA  . .  ,  . 

*  This  value  can  he  measured  by  a  method  involving 
the  maximum  ratings  of  the  tube  will  not  be  exceeded. 

Vertical-Deflection  Oscillator  t 

For  operation  in  a  525-line,  30-f 
MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . . . 

Peak  Positive-Pulse  Plate  Voltage# 

(Absolute  Maximum)  .  . . . . 

Peak  Negative-Pulse  Grid  Voltage  . . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . 

Plate  Dissipation  : 

For  either  plate  . 

For  both  plates  with  both  units  operating  . 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance  . 

*  Unless  otherwise  specified,  values  are  for  each  unit. 

*  Pulse  duration  must  not  exceed  15%  of  a  vertical 
a  Under  no  circumstances  should  this  absolute  value  be  exceeded, 
•}•  For  cathode-bias  operation. 


6.3 

1.5 

±200  max 
100  max 

Unit  No,  2 
6 
4.6 
0.9 


volts 

amperes 


volts 

volts 


pF 

pF 


[50  250 

250 

volts 

0  —17 

—9 

volts 

_  — . 

15 

_ _  _ 

2150 

ohms 

_  _ 

7000 

jttmhos 

65»  4 

40 

mA 

_  __ 

—23 

volts 

a  recurrent 

waveform 

such  that 

3r  Amplifier3 

rame  system 

Oscillator 

Amplifier 

500 

500 

volts 

2000a 

volts 

—400 

—250 

volts 

210 

210 

mA 

60 

60 

mA 

10 

10 

watts 

12 

12 

watts 

4.7 

4.7f 

megohms 

scanning  cycle  (2.5  milliseconds). 

»  exceeded. 

6BL8 

MEDIUM-MU  TRI0DE— 
SHARP-CUTOFF  PENTODE 

4BL8,  4BL8/XCF80 

Miniature  types  used  in  frequency-changer  service  in 
color  and  black-and-white  television  receivers  .Outlines 
section,  6B;  require  miniature  9-contact  socket.  Types 
4BL8/XCF80  and  6BL8/ECF80  are  identical  with  types 
4BL8  and  6BL8,  respectively.  Type  4BL8  is  identical 
with  type  6BL8  except  for  heater  ratings. 


6BL8/ 

ECF80 


Technical  Data 
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Heater  Voltage  (ae/dc)  . 

Heater  Current  . 

Peak  Heater-Cathode  Voltage 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values)  T 

Plate  Supply  Voltage  . . . . 

Plate  Voltage  .  .  .- . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage: 

With  cathode  current  of  14  mA  . 

With  cathode  current  less  than  10  mA  . 

Cathode  Current  . . . 

Plate  Dissipation  . 

Grid-No.2  Input: 

With  plate  dissipation  greater  than  1.2  watts  .. 
With  plate  dissipation  less  than  1.2  watts  .... 

CHARACTERISTICS 

Plate  Voltage  . . . . 

Grid-No.2  Input: 

Grid-No.l  Voltage  . . . . 

Amplification  Factor  . . 

Mu-Factor,  Grid  No.2  to  Grid  No.  1  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . .  . . , - - - - - - 

Plate  Current  . . . 

Grid-No.2  Current  . 

Input  Resistance  at  frequency  of  50  MHz  . 

Equivalent  Noise  Resistance  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


4BL8 

6BL8 

4BL8/ 

6RL8/ 

XCF80 

ECF80 

4.6 

6.3 

volts 

0.6 

0.45 

ampere 

±100  max 

±100  max 

volts 

iode  Unit 

Pentode  Unit 

550 

550 

volts 

250 

250 

volts 

— 

550 

volts 

_ 

175 

volts 

„ ' 

200 

volts 

14 

14 

mA 

1.5 

1.7 

watts 

0.5 

watt 

— 

0.75 

watt 

100 

170 

volts 

_ 

170 

volts 

— 2 

— 2 

volts 

20 

— 

— 

47 

— 

0.4 

megohm 

6000 

6200 

jumhos 

14 

10 

mA 

_ .  . 

2.8 

mA 

— 

0.01 

megohm 

— 

1500 

ohms 

0.5 

0.5 

megohm 

0.5 

1 

megohm 

6BM8/ 

.  HIGH-MU  TRIODE  cr,,  Oo 

'  POWER  PENTODE  t^LOA 

Kt  Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  pentode  unit  is  used 
as  an  audio  output  tube,  and  the  triode  unit  as  an 
oscillator  and  af  voltage  amplifier.  Outlines  section, 
6G;  requires  miniature  9-contact  socket.  Heater:  volts 
(ac/dc),  6.3;  amperes,  0.78;  maximum  heater-cathode 
volts,  100  peak. 


Class  Ax  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Supply  Voltage  . . 

Plate  Voltage  ... . . . 

Grid-No.2  Supply  Voltage  . . 

Grid-No.2  Voltage  . . 

Cathode  Current  . 

Plate  Dissipation  . . . 

Grid-No.2  Input  . 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  .  .  .  . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . 

Transconductaiice  . 

Plate  Current  .  . . 

Grid-No.2  Current  . .  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 

*  Grid  No.2  to  Grid  No.l 


Triode  Unit  Pentode  Unit 


550 

900 

volts 

300 

600 

volts 

— 

550 

volts 

___ ' 

300 

volts 

15 

50 

mA 

1 

7 

watts 

— 

1.8 

watts 

100 

200 

volts 

—  . 

200 

volts 

0 

— 16 

volts 

70 

9.5* 

— 

0.02 

megohm 

2500 

6400 

jumhos 

3.5 

35 

mA 

_ 

7 

mA 

1 

1 

megohm 

2 

2 

megohms 
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6BN4 


Refer  to  chart  at  end  of  section. 


6BN4A 

2BN4A,  3BN4A 


MEDIUM-MU  TRiODE 


Miniature  type  used  as  rf  amplifier  tube  in  grid-drive 
circuits  of  vhf  color  and  black-and-white  television 
tuners.  Outlines  section,  5C;  requires  miniature  7-con¬ 
tact  socket.  Types  2BN4A  and  3BN4A  are  identical 
with  type  6BN4A  except  for  heater  ratings. 


7EG 


Heat  Voltage  (ac/dc)  . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . 

Peak  Heater-Cathode  Voltage  . 

Direct  Intereleetrode  Capacitances  (Approx.)  :* 

Grid  to  Plate  . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . 

*  With  external  shield  connected  to  cathode. 


2BN4A 

3BN4A 

6BN4A 

2.35 

8 

6.3 

volts 

0.6 

0.45 

0.2 

ampere 

11 

11 

— 

seconds 

±100  max 

±100  max 

±100  max 

volts 

1.2 

pF 

PE 

PF 

3.2 

»  .  •  * 

1.4 

Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . . . 

Grid  Voltage,  Positive-bias  value  . 

Cathode  Current  . . . . . 

Plate  Dissipaation  . 

CHARACTERISTICS 

Plate-Supply  Voltage  . . . . 

Cathode-Bias  Resistor  . 

Amplification  Faptor  . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . . 

Plate  Current  . . . . .  . . 

Grid  Voltage  (Approx.)  for  plate  current  of  100  fiA 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  . . . . . 


275 

volts 

0 

volts 

22 

mA 

2.2 

watts 

150 

volts 

220 

ohms 

43 

5400 

ohms 

7700 

/imhos 

9 

mA 

— 6 

volts 

0.5 

megohm 

6BN6 


3BN6,  4BN6 
12BN6 


BEAM  TUBE 


Miniature  type  used  as  combined  limiter,  discriminator, 
and  audio-voltage  amplifier  in  intercarrier  television 
and  FM  receivers.  Outlines  section,  5D;  requires  mini¬ 
ature  7-contact  socket.  Types  8BN6,  4BN6,  and  12BN6 
are  identical  with  type  6BN6  except  for  heater  ratings. 


7DF 


Heater  Voltage  (ac/dc)  . 

Heater  Current  ... . 

Heater  Warm-up  Time  (Aver¬ 
age)  . 

Heater-Cathode  Voltage : 

Peak  value .  ^200  max 

Average  value  .  100  max 

Direct  Intereleetrode  Capacitances : 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . . 

Grid  No.3  to  Cathode,  Heater,  Grid  No.l,  Grid  No.2,  and 

Internal  Shield  . . . . . 

Grid  No.l  to  Grid  No.3  . . 


3BN6 

4BN6 

6BN6 

12BN6 

3.15 

4.2 

6.3 

12.6 

volts 

0.6 

0.45 

0.3 

0.15 

ampere 

11 

11 

— - 

— 

seconds 

±200  max 
100  max 


±200  max 
100  max 


±200  max 
100  max 


4.2 


3.3 

0.004  max 


volts 

volts 


pF 

pF 

PF 


Limiter  and  Discriminator  Service 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate-Supply  Voltage  . . 

Grid-No. 2  Voltage  . .  .... . . .  110 

Grid-No.  1  Voltage,  Positive  peak  value  . . .  ...  00 

Cathode  Current  . . . . *  * 


volts 

volts 

volts 

mA 
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TWIN  DIODE—  mm 

HIGH-MU  TWIN  TRIODE  mm 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  triode  unit  is  used  in 
burst-amplifier,  af  amplifier,  and  low-frequency  oscil¬ 
lator  applications.  The  diode  units  are  used  in  phase- 
detector,  ratio-detector  or  discriminator,  and  horizon¬ 
tal  afc  discriminator  circuits.  Outlines  section,  6E; 
requires  miniature  9-contact  socket.  Type  8BN8  is 
identical  with  type  6BN8  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . 


6BN8  8BN8 
6.3  8.4  volts 

0.6  0.45  ampere 

11  11  seconds 

±200  max  ±200  max  volts 

100  max  100  max  volts 


Direct  Interelectrode  Capacitances : 

Triode  Grid  to  Triode  Plate  . . . . .  .  2.5 

Triode  Grid  to  Cathode  and  Heater  . . .  3.6 

Triode  Plate  to  Cathode  and  Heater  . .. ... .  0.25 

Plate  of  Diode  Unit  No.l  to  Triode  Grid  . .  0.06  max 

Plate  of  Diode  Unit  No.2  to  Triode  Grid  . .  0.1  max 

Plate  of  Diode  Unit  No.l  to  Plate  of  Diode  Unit  No.2  ......  0.07  max 

Diode  Cathode  to  All  Other  Electrodes  (Each  Diode  Unit)  ....  5 

Diode  Plate  to  Diode  Cathode  and  Heater  (Each  Diode  Unit)  ..  1.9 

Diode  Cathode  to  Diode  Plate  and  Heater  (Each  Diode  Unit)  . .  4.8 

Diode  Plate  to  All  Other  Electrodes  (Each  Diode  Unit)  ......  3 


pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 


Triode  Unit  as  Class  Ax  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Grid  Voltage,  Positive-bias  value  . 

Plate  Dissipation  . . . 

CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . . . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . :  .  .  . 

Transconductance  . . . 

Plate  Current  . .  .  . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  fi A 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  . . 


330 

volts 

0 

volts 

1.7 

watts 

100 

250 

volts 

—1 

—3 

volts 

75 

70 

21000 

28000 

ohms 

3500 

2500 

jumhos 

1.5 

1.6 

mA 

—2.5 

— 5.5 

volts 

1.0 

megohm 

Diode  Units 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  (Each  Unit)  : 


Peak  . . . . . . . .  54  mA 

Average  . . . . .  .  . . . .  9  mA 
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6BQ5 

8JBQ5  POWER  PENTODE 

Miniature  type  used  in  the  output  stage  of  audio-fre¬ 
quency  amplifiers.  Outlines  section,  6G;  requires  mini¬ 
ature  9-contact  socket.  Type  8BQ5  is  identical  with 
type  6BQ5  except  for  heater  ratings. 

6BQ5 

Heater  Voltage  (ac/dc)  . . .  6.3 

Heater  Current  .  6.76 

Heater  Warm-up  Time  (Average)  .  — 

Heater-Cathode  Voltage : 

Peak  value  . ±100  ma: 

Average  value  . 100  ma? 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . .  . . 
Plate  t6  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  ........ 

Grid  No.l  to  Heater  . 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . 

Grid-No.  2  (Screen-Grid)  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Cathode  Current  . . . . . . 

Plate  Dissipation  . .  . . .  . .  . 

Grid  No.2  Input  . : . . . . 

TYPICAL  OPERATION 

Plate  Voltage  . *  •  ♦  • 

Grid-No.2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage  . . . 

Peak  AF  Grid  No.l  Voltage  . . . . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . . . 

Maximum-Signal  Grid-No.2  Current  . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . * . . . 

Load  Resistance  . . . . 

Total  Harmonic  Distortion  . . . . 

Maximum-Signal  Power  Output  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.-Circuit  Resistance: 

For  fixed-bias  operation  . . . . . 

For  cathode-bias  operation  . . .  .  .  . . 


Push-Pull  Class  ABt  Amplifier 

MAXIMUM  RATINGS  (Same  as  for  Single-Tube  Class  Ai  Amplifier) 
TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Supply  Voltage  . . . . .  . .  260 

Grid-No.2  Supply  Voltage  . . 250 

Cathode-Bias  Resistor  . . 130 

Peak  AF  Grid-No.  1-to-Grid-No.l  Voltage  . .  22.6 

Zero-Signal  Plate  Current  .  62 

Maximum-Signal  Plate  Current  . . .  75 

Zero-Signal  Grid-No.2  Current  . . .  7 

Maximum-Signal  Grid-No.2  Current  . . . .  15 

Effective  Load  Resistance  (Plate-to-plate)  .  8000 

Total  Harmonic  Distortion  . .  3 

Maximum-Signal  Power  Output  . . .  11 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . . . . 

For  cathode-bias  operation  . . . . . 


^\z)p 

J®y c 

vi) 

1C 

02 

9CV 

8BQ5 

8 

volts 

0.6 

ampere 

11 

seconds 

±100  max 

volts 

100  max 

volts 

0.5  max 

pF 

10.8 

pF 

6.5 

PF 

0.25  max 

PF 

300 

volts 

300 

volts 

0 

volts 

65 

mA 

12 

watts 

2 

watts 

250 

volts 

250 

volts 

* — 7.3 

volts 

6.2 

volts 

48 

rnA 

50.6 

imA 

6.5 

mA 

10 

mA 

38000 

ohms 

11300 

//mhos 

4500 

ohms 

10 

per  cent 

•  ,  5.7 

watts 

0.3 

megohm 

1.0 

megohm 

300 

volts 

300 

volts 

130 

ohms 

28.3 

volts 

72 

mA 

92 

mA 

8 

raA 

22 

mA 

8000 

ohms 

4 

per  eent 

17 

watts 

0.3 

megohm 

1.0 

megohm 

6BQ6GT 


Refer  to  chart  at  end  of  section. 
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BEAM  POWER  TUBE 


‘as®  6BQ6GTB 

“(j/TITn  beam  power  tube  /6CU6 

(  L  I2BQ6GTB/12CU6,  17BQ- 

6GTB,  25BQ6GTB/25CU6 

Q*pr0  Glass  octal  type  used  as  horizontal-deflection  amplifier 

nc  ok  in  color  and  black-and-white  television  receivers.  Out- 

ram  3  lines  section,  14D;  requires  octal  socket.  This  type  may 

be  supplied  with  pin  No.l  omitted.  Types  12BQ6GTB/ 
12CU6, 17BQ6GTB,  and  25BQ6GTB/25CU6  are  identical  with  type  6BQ6GTB/ 
6CU6  except  for  heater  ratings. 

6BQ6GTB/  12BQ6G-  17BQ6-  25BQ6GTB/ 

6CU6  TB/12CU6  GTE  25CU6 


17BQ6- 

25BQ6GTB/ 

GTB 

25CU6 

16.8 

25 

0.45 

0.3 

11 

— 

60 

150 

250 

volts 

150 

150 

150 

volts 

0 

—22.5 

—22.5 

volts 

— 

4.3 

14500 

ohms 

_ 

— 

5900 

i anhos 

260* 

— 

57 

mA 

26° 

_ 

2.1 

mA 

— 

— 

— 43 

volts 

Heater  Voltage  (ac/dc)  .  6.3  12.6  16.8  25  volts 

Heater  Current  .  1.2  0.6  0.45  0.3  ampere 

Heater  Warm-up  Time  (Average)  —  H  11  seconds 

Heater-Cathode  Voltage: 

Peak  value  .  ±200  max  ±200  max  ±200  max  ±200  max  volts 

Average  value  .  100  max  100  max  100  max  100  max  volts 

Direct  Interelectrode  Capacitances  (Approx.)  :  '  -  _ 

Grid  No.l  to  Plate  . i .  0*6  pP 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  15  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . .  7  pP 

Class  Ai  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . . 60  150  250  volts 

Grid-No.2  Voltage  .  150  150  150  volts 

Grid-No.l  Voltage  .  0  — 22.5  — 22.5  volts 

Mu-Factor,  Grid  No.2  to  Grid  No.l  .  —  4.3  — -  , 

Plate  Resistance  (Approx.)  . .  —  —  14500  ohms 

Transconductance  .  —  5900  /imhos 

Plate  Current  .  260s  —  57  mA 

Grid-No.2  Current  . .  26°  2.1  mA 

Grid-No.l  Voltage  (Approx.)  for  plate  mA  —  1  —  —  43  volts 

•  These  values  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . . . . v .  000  volts 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  Maximum)  .  6000f  volts 

Peak  Negative-Pulse  Plate  Voltage  . . .  1250  volts 

DC  Grid-No.2  (Screen-Grid)  Voltage  . 200  volts 

Peak  Negative-Pulse  Grid-No.l  (Control-Grid)  Voltage  .  —300  volts 

Peak  Cathode  Current  . 400  mA 

Average  Cathode  Current  .  “y 

Plate  Dissipation*  . wa™s 

Grid-No.2  Input  .  ^.5 

Bulb  Temperature  (At  hottest  point)  . . 220  o 

MAXIMUM  CIRCUIT  VALUE  A  , 

Grid-No.  1-Circuit  Resistance  . . . . . .  .  °;47  megohm 

#  Pulse  duration  must  not  exceed  16%  of  a  horizontal  scanning  cycle  (10  microseconds), 

f  Under  no  circumstances  should  this  absolute  value  be  exceeded.  ,  .  .. 

®  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  m  absence  of  excitation. 

Refer  to  chart  at  end  of  section.  6BQ7 

6BQ7A 

MEDIUM-MU  TWIN  TRIODE  4BQ7A,  5BQ7A 

p  Miniature  type  used  as  a  cascode  amplifier  in  vhf  color 

T)  and  black-and-white  television  tuners  in  push-pull 

ht2 cathode-drive  rf  amplifiers.  Outlines  section,  6B;  re- 
quires  miniature  9-contact  socket.  For  typical  opera- 
/\^y® kt  ^on  as  a  resistance-coupled,  amplifier,  refer  to  Resist- 
T2  i  ance-Coupled  Amplifier  section.  Types  4BQ7A  and 

Ms  5BQ7A  are  identical  with  type  6BQ7A  except  for  heater 

9AJ  ratings. 
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Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 


4BQ7A 

5BQ7A 

6BQ7A 

4.2 

5.6 

6.3 

volts 

0.6 

0.45 

0.4 

ampere 

11 

11 

— 

seconds 

1:200 *:max 

±200*max 

±200*  max 

volts 

100  max 

100  max 

100  max 

volts 

Unit  No.l 

Unit  No.2 

1.2 

1.2 

pF 

[  '.'.‘.I 

2.6 

— 

pF 

Average  value  . 

Direct  Interelectrode  Capacitances  :* 

Grid  to  Plate  . . 

Grid  to  Cathode,  Heater,  and  Internal  Shield 
Cathode  to  Grid,  Heater,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  and  Internal  Shield 
Plate  to  Grid,  Heater,  and  Internal  Shield  ,  .  . 

Plate  to  Cathode  . . .  .  . . . 

Heater  to  Cathode  . . .  . ... .  ... 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  . . . .  . 

Plate  of  Unit  No.2  to  Plate  and  Grid  of  Unit  No, 

*  Rating  may  be  high  as  300  volts  under  cutoff  conditions,  when  tube  is  used  as  a 
amplifier,  the  two  units  are  connected  in  series,  and  heater  is  negative  with  respect  to  cathode. 
°  With  external  shield  connected  to  internal  shield. 


1.2 


0.12 

2.6 


5.0 

2.2 
0.12 
2.6 

0.0  J.0  max 
0.024  max 


PF 
pF 
pF 
PF 
pF 
PF 
PF 
cascode 


Class  A,  Amplifier  (Each  Unit) 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Supply  Voltage  . . . 

Cathode  Current  . . 

Plate  Dissipation  . . . . . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . . 

Cathode-Bias  Resistor  . . 

Amplification  Factor  . . . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  . 

Grid  Voltage  (Approx.) : 

For  plate  current  of  100  fiA  .  . .  . . . 

For  plate  current  of  10  fiA  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  . 


250* 

volts 

20 

mA 

2 

watts 

150 

volts 

220 

ohms 

38 

5900 

ohms 

6400 

fi  mhos 

9 

mA 

—6.5 

volts 

— 

volts 

0.5 

megohm 

*  Rating  may  be  high  as  300  volts  under  cutoff  conditions,  when  tube  is  used  as  a  cascode 
amplifier,  the  two  units  are  connected  in  series,  and  heater  is  negative  with  respect  to  cathode. 


6BR8 


Refer  to  chart  at  end  of  section. 


6BR8A  MEDIUM-MU  TRIODE— 
5BR8  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  Especially  useful  as  com¬ 
bined  triode  oscillator  and  pentode  mixer  in  vhf  tele¬ 
vision  tuners.  Outlines  section,  6B;  requires  miniature 
9-contact  socket.  Except  for  basing  arrangement  and 
grid-No.l-to-plate  capacitance  of  pentode  unit,  types 
5BR8  and  6BR8A  are  identical  with  types  5U8  and 
6U8A,  respectively* 
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HALF-WAVE 
VACUUM  RECTIFIER 


6BS3 

6BS3A 

12BS3, 12BS3A, 
17BS3,  17BS3A 


Novar  types  used  as  damper  tubes  in  horizontal-de¬ 
flection  circuits  of  black-and-white  television  receivers. 
Outlines  section,  11D  and  BOB,  respectively;  require 
novar  9-contact  socket.  Socket  terminals  1,  3,  6,  and  8  should  not  be  used 
as  tie  points;  it  is  recommended  that  socket  clips  for  these  pins  be  removed 
to  reduce  the  possibility  of  arc-over  and  to  minimize  leakage.  These  tubes, 
like  other  power-handling  tubes,  should  be  adequately  ventilated.  Types 
12BS3  and  12BS3A  and  types  17BS3  and  17BS3A  are  identical  with  types 
6BS3  and  6BS3A,  respectively,  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Plate  to  Cathode  and  Heater  . 

Cathode  to  Plate  and  Heater  . 

Heater  to  Cathode  . . 


6BS3 

12BS3 

17BS3 

GBS3A 

12BS3A 

17BS3A 

6.3 

12.6 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

11 

U 

seconds 

6.5 

pF 

9 

PF 

2.8 

pF 

Damper  Service 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . 

Peak  Plate  Current  . . . . 

Average  Plate  Current  .  .... . 

Plate  Dissipation  . . . 

Heater-Cathode  Voltage : 

Peak  value  . .  .  .  . .  +300 

Average  value  . .  +100 


5000 

1100 

200 

6 

—5000 

—900 


volts 

mA 

mA 

watts 

volts 

volts 


CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  140  mA  .  12  volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


6BS8 

MEDIUM-MU  TWIN  TRIODE  4BS8 

Miniature  type  used  as  a  cascode  amplifier  in  vhf  color 
and  black-and-white  television  tuners  and  in  push-pull 
cathode-drive  rf  amplifiers.  Outlines  section,  6B;  re¬ 
quires  miniature  9-contact  socket.  Type  4BS8  is  identi¬ 
cal  with  type  6BS8  except  for  heater  ratings. 


4BS8 

Heater  Voltage  (ac/dc)  . 4.5 

Heater  Current  .  0-b 

Heater  Warm-up  Time  (Average)  .  11 

Peak  Heater-Cathode  Voltage  .  ±200  max 

Direct  Interelectrode  Capacitances: 

Grid  to  Plate  (Each  Unit)  . . . • . *  • 

Grid  to  Cathode,  Heater,  and  Internal  Shield  (Unit  No.l)  . 

Plate  to  Cathode,  Heater,  and  Internal  Shield  (Unit  No.l)  ..... 

Plate  to  Cathode  (Each  Unit)  .  . . . . 

Heater  to  Cathode  (Each  Unit)  .  . . . . 

Cathode  to  Grid,  Heater,  and  Internal  Shield  (Unit  No.2)  . 

Plate  to  Grid,  Heater,  and  Internal  Shield  (Unit  No.2)  . 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  .  . 

Plate  of  Unit  No.2  to  Plate  and  Grid  of  Unit  No.l  . 


6BS8 

6.3 

0.4 

±200  max 


1.15 

2.6 

1.2 

0.15  max 
2.6 
5 

2,2 

0.010  max 
0.024  max 


volts 

ampere 

seconds 

volts 


PF 

PF 

PF 

pF 

PF 

pF 

pF 

pF 

PF 
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Class  Aj  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . .  ... ,  , . .  . . . 

Cathode  Current  . . . . . . . . . . . . . 

Plate  Dissipation  . .  . . . 

CHARACTERISTICS 

Plate-Supply  Voltage  . 

Cathode-Bias  Resistor  .  .  . . . . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . . . . . . : . 

Transconductance  . . . . 

Plate  Current  . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  jiA*  . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  . . . . 

*  This  value  applies  to  Unit  No. 2  only. 


150 

volts 

20 

mA 

2 

watts 

150 

volts 

220 

ohms 

36 

5000 

ohms 

7200 

li  mhos 

10 

mA 

— 7 

volts 

0.5 

megohm 

9FG 


SHARP-CUTOFF 
TWIN  PENTODE 


6BU8 

3BU8,  3BU8/3GS8 
4BU8, 4BU8/4GS8 


Miniature  type  used  as  combined  syne  separator,  sync 
clipper,  and  age  amplifier  tube  in  color  and  black-and- 
white  television  receivers.  Outlines  section,  6E;  re¬ 
quires  miniature  9~contact  socket.  Types  3BU8,  3BU8/ 
3GS8,  4BUS  and  4BU8/4GS8  are  identical  with  type 
6BU8  except  for  heater  ratings. 


3BU8  4BU8 

3BU8/3GS8  4BU8/4GS8  6BU8 

Heater  Voltage  (ac/dc)  . 3.15  4.2  6.3 

Heater  Current  .  0.6  0.45  0.3 

Heater  Warm-up  Time  (Average)  .  11  11  — 

Heater-Cathode.  Voltage: 

Peak  value  .  ±200  max  ±200  max  ±200  max 

Average  value  . 100  max  100  max  100  max 


Direct  Interelectrode  Capacitances : 

Grid  No. 3  to  Plate  (Each  Unit)  . 1.9 

Grid  No.l  to  All  Other  Electrodes  .  6 

Grid  No.3  to  All  Other  Electrodes  (Each  Unit)  .  3.6 

Plate  to  All  Other  Electrodes  (Each  Unit)  .  3 

Grid  No.3  of  Unit  No.l  to  Grid  No.3  of  Unit  No.2  . 0.015  max 


Class  An  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  (Each  Unit)  . . 

Grid-No. 3  (Suppressor-Grid)  Voltage  (Each  Unit) : 

Peak  positive  value  . 

DC  negative  value  . . 

DC  positive  value  . . . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Negative  bias  value  . . 

Cathode  Current  . 

Plate  Dissipation  (Each  Unit)  . 

Grid-No.2  Input  . 

CHARACTERISTICS  (With  Both  Units  Operating) 

Plate  Voltage  (Each  Unit)  . 

Grid-No.3  Voltage  (Each  Unit)  . 

Grid-No.2  Voltage  . . . 

Grid-No.  1  Voltage  . 

Plate  Current  (Each  Unit)  . . 

Grid-No.2  Current  . . . . 

Cathode  Current  . . . « . 

CHARACTERISTICS  (With  One  Unit  Operating) 

Plate  Voltage  .  . . . . . . 

Grid-No.3  Voltage  . . 

Grid-No.2  Voltage  . . 

Grid-No.  1  Voltage  . . . . . 

Grid-No.3  Transconductance  ... . . 

Grid-No.  1  Transconductance  . 

Plate  Current  . . .  . . 

Grid-No.3  Voltage  (Approx.)  for  plate  current  of 

100  itA  . . 

Grid-No. 1  Voltage  (Approx.)  for  plate  current  of 
100  M  . . . . 


100 

—10 

67.5 

* 

6.5 

6.6 


100 

0 

67.5 

0 

1500 


300 

50 

—50 

3 

150 

—50 

12 

1.1 

0.75 


100 

0 

67.5 

* 

2.2 

3.3 

7.8 


100 

0 

67.5 

* 

180 

2.2 

—4.5 

—2.3 


volts 

ampere 

seconds 

volts 

volts 

pF 

pF 

pF 

pF 

PF 


volts 

volts 

volts 

volts 

volts 

volts 

raA 

watts 

watt 


volts 
volts 
volts 
volts 
m  A 
raA 
mA 


volts 

volts 

volts 

volts 

/jtmhos 

/imhos 

mA 

volts 

volts 


PLATE  MILUAMPERES 


Technical  Data 


191 


MAXIMUM  CIRCUIT  VALUES 

Grid-No.3-Circuit  Resistance  (Each  Unit)  .  0.5  megohm 

Grid-No.  1-Circuit  Resistance  . . .... ............................  -  0.5  megohm 


*  Adjusted  to  provide  a  dc  grid-No.l  current  of  100  microamperes, 
f  With  plate  and  grid  No.3  of  the  other  unit  connected  to  ground. 


6BV8  Refer  to  chart  at  end  of  section. 

6BW4  Refer  to  chart  at  end  of  section. 


twin  diode—  6BW8 

SHARP-CUTOFF  PENTODE  5BW8 

Kp,IS»G$p 

Miniature  type  used  in  television  receiver  applications; 
02p>  diodes  are  used  as  horizontal  phase  detectors;  pentode 
is  used  as  a  sound  if  amplifier,  sound  limiter,  and  age 
keyer.  Outlines  section,  6B;  requires  miniature  9-con¬ 
tact  socket.  Type  5BW8  is  identical  with  type  6BW8 
except  for  heater  ratings. 


5BW8 

Heater  Voltage  (ac/dc)  .  4.7 

Heater  Current  .  0.6 

Heater  Warm-up  Time  (Average)  .  11 

Heater-Cathode  Voltage : 

Peak  value  .  ±200  max 

Average  value  . 100  max 


Direct  Interelectrode  Capacitances : 

Pentode  Unit : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  .  . . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3f  ancl 

Internal  Shield  . 

Plate  of  Diode  Unit  No.l  to  Cathode  and  Heater  . 

Plate  of  Diode  Unit  No.2  to  Cathode  and  Heater  . 

Pentode  Grid  No.l  to  Either  Diode  Plate  . 

Pentode  Unit  as  Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . . 

Grid-No.2  Voltage  . . . . . 

Grid-No.l  (Control-Grid)  Voltage: 

Positive-bias  value  . 

Negative-bias  value  . . . 

Plate  Dissipation  . . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . . . . 

For  grid-No.2  voltages  between  166  and  330  volts  . . 


6BWS 

6.3 

volts 

0.45 

ampere 

— ,  ■ 

seconds 

±200  max 

volts 

100  max 

volts 

0.02  max 

PF 

4.8 

pF 

2.6 

pF 

1.8 

PF 

1.2 

PF 

0.006  max 

pF 

330 

volts 

330 

volts 

See  curve  page  96 

0 

volts 

—55 

volts 

3 

watts 

0.55 

watt 

See  curve  page  1)6 
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CHARACTERISTICS 

Plate  Voltage  . . . . . 

Grid-No.  2  Voltage  . . 

Cathode-Bias  Resistor  . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . 

Plate  Current  . . . . . . . . 

Grid-No. 2  Current  . . . . . . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  10  fiA  .  . . 
MAXIMUM  CIRCUIT  VALUES 
Grid-No.l  Circuit  Resistance  : 

For  fixed-bias  operation  . . . .  . . . 

For  cathode-bias  operation  .  . . . . 

Diode  Units  (Each  Unit) 

MAXIMUM  RATING  (Design-Maximum  Value) 

Plate  Current  . . . 


250 

volts 

110 

volts 

68 

ohms 

0.25 

megohm 

5200 

/imhos 

10 

m  A 

3.5 

mA 

—10 

volts 

0.1 

megohm 

0.5 

megohm 

5 

mA 

6BX7GT  Refer  to  chart  at  end  of  section. 

6BY5GA  Refer  to  chart  at  end  of  section. 


6BY6 

3BY6  PENTAGRID  AMPLIFIER 

Miniature  type  used  as  a  gated  amplifier  in  color  tele¬ 
vision  receivers.  In  such  service,  it  may  be  used  as  a 
combined  sync  separator  and  sync  clipper.  Outlines 
section,  5C;  requires  miniature  7-contact  socket.  Type 
3BY6  is  identical  with  type  6BY6  except  for  heater 
ratings. 


7GH 


3BY6 

Heater  Voltage  (ac/dc)  . .  3.15 

Heater  Current  ,  .  .  . . . .  0.6 

Heater  Warm-up  Time  (Average)  . . .  11 

Peak  value  . . . . .  zt:200  max 

Average  value  .  100  max 


Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . . . 

Grid  No.3  to  Plate  . . . . . 

Grid  No.l  to  Grid  No.3  . . . . . 

Grid  No.  1  to  All  Other  Electrodes  . ;.. . . 

Grid  No.3  to  All  Other  Electrodes  . . 

Plate  to  All  Other  Electrodes  . . . 

Class  Ax  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . . . . .  ... 

Grids-No.2-and-No.4  Voltage  . . 

Grid-No.3  Voltage  . .  . . 

Grid-No.l  Voltage  . 

Grid-No.  3-to-Plate  Transconductance  . . . . 

Grid-No.  1-to-Plate  Transconductance  .  . .  . . . . 

Plate  Current  . . 

Grids-No.2-and-No.4  Current  . . . 

Grid-No.3  Volts  (Approx.)  for  plate  current  of  35  (iA  and 

grid-No.l  volts  =  — 4  . . . . . . . . 

Grid-No.l  Volts  (Approx.)  for  plate  current  of  35  jjlA  ana 
grid-No.3  volts  =  0  .  .  . . . . 

Gated  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grids-No.2-and-No.4  Voltage  . 

Grids-No.2~and-No.4  Supply  Voltage  . 

Grid-No.3  Voltage: 

Negative-bias  value  . . 

Positive-bias  value  . 

Positive  peak  value  . . 

Grid-No.l  Voltage,  Negative  bias  value  . . . 

Plate  Dissipation  . 

Grid-No.3  Input  . . . . . . . . 


6BY6 

6.3 

volts 

0.3 

ampere 

— . 

seconds 

±200  max 

volts 

100  max 

volts 

0.08  max 

pF 

0.35  max 

PF 

0.22  max 

PF 

6.4 

pF 

6.9 

PF 

7.6 

pF 

250 

volts 

100 

volts 

—2.5 

volts 

—2.5 

volts 

500 

/imhos 

1900 

/imhos 

6.6 

mA 

9 

mA 

—15 

volts 

—12 

volts 

330 

volts 

See  curve  page  96 

330 

volts 

—55 

volts 

0 

volts 

27 

volts 

—110 

volts 

2.3 

watts 

0.1 

watt 
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Grids-No.2-and-No.4  Input  : 

For  grids-No.2-and-No.4  voltages  up  to  165  volts  . 1.1  watts 

For  grids-No.2-and-No.4  voltages  between  165  and  330  volts  ....  See  curve  page  96 

Grid-No.  1  Input  .  .  .  . . : .  0.1  watt 

CHARACTERISTICS  AS  SYNC  SEPARATOR  AND  SYNC  CUPPER 

Plate  Voltage  . .  10  volts 

Grid-No.3  Voltage  . . 0  volts 

Grids-No.2-and-No.4  Voltage  . 25  volts 

Grid-No.  1  Voltage  . 0  volts 

Plate  Current  . 1.4  mA 

Grids-No.2-and-No.4  Current  .  3.5  mA 

Crid-No.3  Volts  (Approx.)  for  plate  voltage  of  25  volts,  grids-No.2- 
and-No.4  voltage  of  25  volts,  grid-No.l  voltage  of  0  volts,  and 

plate  current  of  50  fiA  .  — 2.5  volts 

Grid-No.l  Volts  (Approx.)  for  plate  voltage  of  25  volts,  grids-No.2- 
and-No.4  voltage  of  25  volts,  grid-No.3  voltage  of  0  volts,  and 

plate  current  of  50  fiA  . .  — 2.3  volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l  or  Grid-No.S-Circuit  Resistance: 

For  fixed-bias  operation  .  0.5  megohm 

For  cathode-bias  operation  . 1.0  megohm 


0  100  200  300 

PLATE  VOLTS  92CS-8J39T* 


H 


9FN 


DIODE— 

SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  television  receiver  applications. 
The  pentode  unit  is  used  as  an  rf  amplifier  and  the 
high-perveance  diode  as  a  limiter  or  detector.  Outlines 
section,  6E ;  requires  miniature  9-contact  socket. 


Heater  Voltage  (ac/dc)  . 6.3  volts 

Heater  Current  . 0.6  ampere 

Heater  Warm-up  Time  (Average)  .  11  seconds 

Heater-Cathode  Voltage : 

Peak  value  . . .  db200  max  volts 

Average  value  . . . .  100  max  volts 

Direct  Interelectrode  Capacitances 
Pentode  Unit : 

Grid  No.l  to  Plate  . .  0.0035  max  pF 

Grid  No.l  to  Cathode.  Heater,  Grid  No. 2,  Grid  No.3,  and 

Internal  Shield  . 5.5  pF 

Plate  to  Cathode,  Heater,  Grid  No.  2,  Grid  No.3,  and 

Internal  Shield  . . . : .  . .  5  pF 

Diode  Plate  to  All  Other  Electrodes  .  4.8*  pF 


0  With  external  shield  connected  to  cathode  of  pentode  unit  (pin  9),  except  as  noted. 
*  With  external  shield  connected  to  ground. 

Pentode  Unit  as  Class  Ax  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  .  300  volts 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value  . .  0  volts 

Grid-No.2  (Screen  Grid)  Supply  Voltage  . 300  volts 

Grld-No. 2  Voltage  .  See  curve  page  96 

Grid-No.l  (Control-Grid)  Voltage: 

Negative-bias  value  . . . . . .  — 50  volts 

Positive-bias  value  . 0  volts 


194 


RCA  Receiving  Tube  Manual 


Plate  Dissipation  . . 

Grid-No. 2  Input:  ' 

For  grid-No.2  voltages  up  to  160  volts  ........ - 

For  grid-No.2  voltages  between  160  and  300  volts  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . - . 

Grid  No.3  . . . 

Grid-No.2  Supply  Voltage  — . . 

Cathode-Bias  Resistor  . . 

Plate  Resistance  (Approx.)  . • . 

Transconductance  . . * . 

Plate  Current  . . 

Grid-No.2  Current  . . . • . *  •  . . *  ■"  •  \ 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

10  fiA  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit,  Resistance : 

For  fixed- bias  operation  . . 

For  cathode-bias  operation  . . . 

Diode  Unit 

MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage  . - . 

Peak  Plate  Current  . . * . 

Average  Plate  Current  •; . . 


0.65  watt 

See  curve  page  96 


100  250  volts 

Connected  to  cathode  at  socket 
100  150  volts 

150  68  ohms 

0.5  1  megohm 

3900  6200  /imhos 

5  10.6  mA 

2.1  4.3  mA 


megohm 

megohm 


±200  max 
100  max 
Unshielded 


±200  max 
100  max 
Shielded 


0.025  max  0.015  max 


6BZ6  SEMIREMOTE-CUTOFF  @ 

3BZ6,  4BZ6,  12BZC  PENTODE  r^;_X£)C2 

Miniature  type  used  in  gain-controlled  video  if  stages 
of  color  and  black-and-white  television  receivers.  Out-  K^A^J/^Ga 
lines  section,  5C;  requires  miniature  7-contact  socket.  ,s 

Types  3BZ6,  4BZ6,  and  12BZ6  are  identical  with  type  c, 

6BZ6  except  for  heater  ratings.  7CW 

3BZ6  4BZ6  6BZ6  12BZ6 

Heater  Voltage  (ac/dc)  .  B  15  4  2  6.3  12  6  vol  s 

Heater  Current  .  0.6  0.46  0.3  0.15  ®mpcie 

Heater  Warm-up  Time  (Aver-  ^  n  _  _  seconds 

Heater-^ttiode •  -Voitage :  ■  4-200  max  ±200  max  ±200  max  ±200  max  volts 

Average  value  * '. ! !  !  ]  "  ! .  .  .  .  100  max  100  max  100  max  100  max  volts 

Direct  Interelectrode  Capacitances:  U”®?*eIded 

Grid  No.l  to  Plate  .  0.025  max  0.015  max  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  „  „ 

No.3,  and  Interna]  Shield  . 7  7  P* 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 
and  Internal  Shield . . v. .  2  3  P* 

a  With  externa]  shield  connected  to  cathode. 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . .  **•  vo,^s 

Grid  No.3  (Suppressor-Grid)  Voltage,  Positive  value  . .  0  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 330  Vf™ 

Grid-No.2  Voltage  .  . . .  See  curve  page  % 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . 0  volts 

Plate  Dissipation  . 2*3  watts 

Grid-No.2  Input:  ,  A 

For  grid-No.2  voltages  up  to  165  volts  .  O.oo  w alt 

For  grid-No.2  voltages  between  165  and  330  volts  . •  •  •  •  See  curve  page  9b 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . ■  125  , 

Grid  No.3  . . . . Connected  to  cathode  at  socket 

Grid-No.2  Suppiy  Voltage  . 125  volts 

Cathode- Bias  Resistor  . .  £6  ohms 

Plate  Resistance  (Approx.)  . . 0.26  megohm 

Transconductance  . 3000  /imhos 

Plate  Current  . . . . . . 

Grid-No.2  Current  . 3*6  mA 

Grid-No.l  Voltage  (Approx.)  for  transconductance  of  50  Aonhos  . . .  — 19  volts 

Uvifi-Nn  i  Vnltawe  i  Aimim-  i  fnv  tvansrondiictance  of  700  amhos  ..  — 4.5  volts 


330  volts 

0  volts 

330  volts 

See  curve  page  96 
0  volts 

2.3  watts 

0.55  watt 

See  curve  page  96 


Grid-No.2  Supply  Voltage  . . 

Cathode- Bias  Resistor  . . 

Plate  Resistance  (Approx.)  . . . . 

Transconductance  . . 

Plate  Current  . . . . . . 

Grid-No.2  Current  . .  -  . . . 

Grid-No.l  Voltage  (Approx.)  for  transconductance  of  50  Aimhos  . . . 
Grid-No.l  Voltage  (Approx.)  for  transconductance  of  700  Aimhos  .. 
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MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance  : 

For  fixed-bias  operation  . . . . . «  0.25  megohm 

For  cathode-bias  operation  . . . . .  1.0  megohm 


TYPE  6BZ6 

.GRID  No.  3  AND  INTERNAL  SHIELD 
f"  CONNECTED  TO  CATHODE  AT  " 
SOCKET. 

_  GRI D  -  No.  2  VOLTS  =125  Oi 


100  200  300  400 

PLATE  VOLTS  92CS-8508T3 


6BZ7 

MEDIUM-MU  TWIN  TRIODE  4RZ7 

Miniature  type  used  as  a  cascode  amplifier  in  vhf  color 
and  black-and-white  television  tuners  and  in  push- 
pull  cathode-drive  rf  amplifiers.  Outlines  section,  6B; 
requires  miniature  9-contact  socket.  For  typical  opera¬ 
tion  as  a  resistance-coupled  amplifier,  refer  to  Resist¬ 
ance-Coupled  Amplifier  section.  Type  4BZ7  is  identical 
with  type  6BZ7  except  for  heater  ratings. 


4BZ7 

Heater  Voltage  (ac/dc)  . . . . .  4.2 

Heater  Current  . 0.6 

Heater  Warm-up  Time  (Average)  .  11 

Heater-Cathode  Voltage : 

Peak  value  .  ±200*max 

Average  value  .  100  max 


Direct  Interelectrode  Capacitances : 

Grid  to  Plate  (Each  Unit)  . . 

Grid  to  Cathode,  Heater,  and  Internal  Shield  (Unit  No.l) 
Plate  to  Cathode,  Heater,  and  Internal  Shield  (Unit  No.l) 

Plate  to  Cathode  (Each  Unit)  . . . 

Heater  to  Cathode  (Each  Unit)  . . .. . 

Cathode  to  Grid,  Heater,  and  Internal  Shield  (Unit  No. 2) 
Plate  to  Grid,  Heater,  and  Internal  Shield  (Unit  No.2)  . 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  . 

Plate  of  Unit  No.2  to  Plate  and  Grid  of  Unit  No.l  ...... 


6BZ7 

6.3 

0.4 


±200*max 
100  max 


1.2 

2.6 

1.2 

0.12 

2,6 

5 


0.010  max 
0.024  max 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 


*  Rating  may  be  as  high  as  300  volts  under  cutoff  conditions,  when  tube  is  used  as  a  cascode 
amplifier,  the  two  units  are  connected  in  series,  and  heater  is  negative  with  respect  to  cathode. 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . 

Cathode  Current  . . .  . . . . .  .  .  . 

Plate  Dissipation  . . .  i.. 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . 

Cathode-Bias  Resistor  .  .  .  . . . . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . . .  . . . 

Transconductance  . . . .  . . . 

Plate  Current  . . . . .  . . 

Grid  Voltage  (Approx.)  for  plate  current  of  100  /a A 
MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  . . . .  .  .  . 


250* 

volts 

20 

mA 

2.0 

watts 

150 

volts 

220 

ohms 

36 

5300 

ohms 

6800 

/irnhos 

10 

mA 

—7 

volts 

0.5 

megohm 
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5B2S  Refer  to  chart  at  end  of  section. 


6C4  POWER  TRIODE 

Miniature  type  used  as  a  cascode  amplifier  in  vhf  color 
local  oscillator  in  FM  and  other  high-frequency  cir¬ 
cuits  and  as  a  class  C  rf  amplifier.  Outlines  section, 
5C;  requires  miniature  7-contact  socket.  For  typical 
operation  as  a  resistance-coupled  amplifier,  refer  to 
Resistance-Coupled  Amplifier  section.  For  additional 
curve  of  plate  characteristics,  refer  to  type  12AU7A. 


6BG 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . 

Direct  Interelectrode  Capacitances  (Approx.) 

Grid  to  Plate  . . . . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater . 


6.3 

volts 

0.15 

ampere 

±200  max 

volts 

100  max 

volts 

Unshielded 

ShieldedA 

1.6 

1.4 

pF 

1.8 

1.8 

pF 

1.3 

2.5 

pF 

a  With  external  shield  connected  to  cathode. 


Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . - . 

Plate  Dissipation  . 

CHARACTERISTICS 

Plate  Voltage  . .  . . . 

Grid  Voltage*  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  . • . .  •  • 

Grid  Voltage  (Approx.)  for  plate  current  of  10  fiA  . 
MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance: 

For  fixed  bias  operation  . 

For  cathode-bias  operation  . 

*  Transformer-  or  fmpedanee-type  input  coupling 
resistance  in  the  grid  circuit. 


300  max 
3.5  max 


100 

250 

0 

—8.5 

19.5 

17 

6250 

7700 

3100 

2200 

11.8 

10.5 

— 10 

—25 

■ . .  0.25 

. .  10 

devices  are  recommended  to 


RF  Power  Amplifier  and  Oscillator— Class  C  Telegraphy 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . 

Grid  Voltage  . 

Plate  Current  . . 

Grid  Current  . 

Plate  Dissipation  . . 


300 

—50 

25 

8 

5 


volts 

watts 


volts 

volts 

ohms 

/tmhos 

mA 

volts 


megohm 

megohm 

minimize 


volts 

volts 

mA 

mA 

watts 
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TYPICAL  OPERATION  AT  FREQUENCIES  UP  TO  SO  MHZ 

Plate  Voltage  . . . . 

Grid  Voltage  . 

Plate  Current  . 

Grid  Current  (Approx.)  . . . . . 

Driving  Power  (Approx.)  . 

Power  Output  (Approx.)*  . . .  . 
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300 

volts 

—27 

volts 

25 

mA 

7 

mA 

0.35 

watt 

5.5 

watts 

•  Approximately  2.5  watts  power  output  can  be  obtained  when  the  6C4  is  used  at  150  MH.% 
as  an  oscillator  with  grid  resistor  of  10,000  ohms  and  with  maximum  rated  input. 


6C5 

6C5GT 

6C6 

6C7 

6C8G 


Refer  to  chart  at  end  of 
Refer  to  chart  at  end  of 
Refer  to  chart  at  end  of 
Refer  to  chart  at  end  of 
Refer  to  chart  at  end  of 


section. 

section. 

section. 

section. 

section. 


kTR2,is 

10F 


SHARP-CUTOFF  6C9 

DUAL  TETRODE  17C9 

Miniature  type  used  as  vhf  rf -amplifier  and  autodyne 
mixer  tube.  Outlines  section,  6B;  except  center  pin  is 
added  to  base;  requires  miniature  10-contact  socket. 
Type  17C9  is  identical  with  type  6C9  except  for  heater 
ratings. 


Heater  Voltage  (ac/dc)  . 6.3  16.8 

Heater  Current  . .  0.4  0.15 

Peak  Heater-Cathode  Voltage  . ±100  max  ±100  max 

Direct  Interelectrode  Capacitances :  Unit  No.  1  Unit  No.  2 

Grid  No.l  to  Plate  .  0.055  max  0.06  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and 

Internal  Shield  . . 4.4  4,2 

Plate  to  Cathode,  Heater,  Grid  No.2  and 

Internal  Shield  . . 2,2  2.2 

Heater  to  Cathode  . .  .  4.2  4!s 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  .  0.003  max 

Grid  No.l  of  Unit  No.l  to  Grid  No.l  of  Unit  No.2  0.001  max 

Grid  No.l  of  Unit  No.l  to  Plate  of  Unit  No.2  . .  0.001  max 

Grid  No.l  of  Unite  No.2  to  Plate  of  Unit  No.l  . .  0.032  max 


volts 

ampere 

volts 


PF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 


Class  A,  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  ....  . 

Grid-No.  2  Voltage  . '  ’ 

Cathode  Current  . . . 


250  volts 

180  volts 

See  curve  page  96 
20  mA 
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Plate  Dissipation : 

Either  plate  . . . 

Both  plates  (both  units  operating)  .  * . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  90  volts ^  . . . - 

For  grid-No.2  voltages  between  90  and  180  volts 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.  1  Voltage  . . . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . .  . . . . . . . . 

Plate  Current  . . . * . 

Grid-No.2  Current  . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  20  fiA 


1.5 

watts 

2.5 

watts 

0.5 

watt 

See 

curve  page  96 

125 

volts 

80 

volts 

—1 

volt 

0.1 

megohm 

8000 

/tmhos 

10 

mA 

1.5 

mA 

—6 

volts 

600  HIGH-MU  TRIPLE  TRI0DE 

Duodecar  type  used  in  resistance-coupled  voltage  am-  KT| 
plifiers,  phase  inverters,  and  other  circuits  requiring 
high  voltage  gain.  Outlines  section,  8A;  requires KTj( 
duodecar  12-contact  socket.  Heater:  volts  (ac/dc),  6.3; 
amperes,  0.6;  average  warm-up  time  (for  series  heater 
operation),  11  seconds;  maximum  heater-cathode  volts, 
±200  peak,  100  average. 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values,  Each  Triode  Unit) 


Plate  Voltage  . . . 

Grid  Voltage: 

Positive-bias  value  . . . 

Negative-bias  value  . 

Plate  Dissipation  .  . - 

Total  Plate  Dissipation  (All  plates) 


iO)pT, 


12BG 


330 

0 

— 50 

1 

3 


volts 

volts 

volts 

volt 

watts 


CHARACTERISTICS  (Each  Triode  Unit) 

Plate  Voltage  . 

Grid  Voltage  .  .  . . . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . . . 


100 

250 

volts 

—1 

—2 

volts 

100 

100 

80000 

62500 

ohms 

1250 

1600 

/xmhos 

0.5 

1.2 

mA 

FULL-WAVE 

VACUUM  RECTIFIER 

Miniature  type  used  in  power  supply  of  compact  audio 
equipment  having  moderate  dc  requirements.  Outlines 
section,  6G;  requires  miniature  9-contact  socket.  This 
tube,  like  other  power-handling  tubes,  should  be  ade¬ 
quately  ventilated.  Heater:  volts  (ac/dc),  6.3;  amperes, 
1. 


H 


Pos 

NC 


Full-Wave  Rectifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage  . 

Peak  Plate  Current  (Per  Plate)  . 

AC  Plate  Supply  Voltage  (Per  Plate,  rms) 
to  Filter  . 


with  Capacitor  Input 


Average  Output  Current  .  ....  . •  •  ■■■  ■  ■  ■  •  •  . . 

Hot  Switching  Transient  Plate  Current  (Per  Plate)  . . 

Peak  Heater-Cathode  Voltage  . 

TYPICAL  OPERATION  WITH  CAPACITOR  INPUT  TO  FILTER 

AC  Plate-to-Plate  Supply  Voltage  (rms)  .  500 

Filter-Input  Capacitor  . .  *  60 

Total  Effective  Plate  Supply  Impedance  . 

per  Plate  . • • •  ■  - :  150 

DC  Output  Voltage  at  Input  to  Filter  (Approx.) 

For  dc  output  current  of  150  mA  . . .  245 


600 

50 

200 

293 


#  When  capacitor-input  circuits  are  used,  a  maximum  peak  current 
ampere  during  the  initial  cycles  of  the  hot-switching  transient  should 


1000 

volts 

450 

mA 

350 

volts 

150 

mA 

# 

—500 

volts 

700 

volts 

50 

fiF 

240 

ohms 

347 

volts 

value  per 

plate  of  1 

not  be  exceeded. 
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OPERATION  CHARACTERISTICS 


1  1  1  1  1  I 

TYPE  bCA4  E^*6.3  VOLTS 

- , - 

□ 

IliiS 

JGP3 

O  FILTER  *50/4* 
LATE-3UPPLY  IMPEDAN 
Rvel-A  |.  B  1  C . 

ce 

■ 

Hli 

BEL 

mi 

3E3EEBS3S 

WM 

■ 

a 

a 

m 

a 

■ 

a 

a 

a 

m 

■ 

■ 

■ 

s 

a 

■ 

■ 

■ 

■ 

s 

as 

3i 

SB 

3j 

a 

| 

■ 

■ 

■ 

a 

B 

■n 

B 

fl 

■ 

■ 

■ 

■ 

a 

a 

B 

■ 

■ 

a 

a 

a 

■ 

■ 

DC  LOAD  MILLSAMPERES 


92C3-I03WS 


7CV 


6CA5 

BEAM  POWER  TUBE  12CA5,  25 CAS 

Miniature  type  used  in  af  power  output  stage  of  radio 
and  television  receivers.  Outlines  section,  5D;  requires 
miniature  7-contact  socket.  Types  12CA5  and  25CA5 
are  identical  with  type  6CA5  except  for  heater  ratings. 


6CA5  12CA5 

Heater  Voltage  (ac/dc)  .  6.3  12.6 

Heater  Current  . . .  1.2  0.6 

Heater  Warm-up  Time  (Average)  ....  —  11 

Heater-Cathode  Voltage : 

Peak  value  .  ±200  max  +200  — 300  max 

Average  value  . . . .  100  max  +100  — 200  max 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Grid-No.  2  (Screen-Grid)  Voltage  . . . . 

Grid-No. 1  (Control-Grid)  Voltage,  Positive-bias  value  . . 


Plate  Dissipation  . . 

Grid-No. 2  Input  . . . . . . , . 

Bulb  Temperature  (At  hottest  point)  .  . . . . . 

TYPICAL  OPERATION 

Plate  Voltage  . . . . . . * .  110 

Grid-No.2  Voltage  . . .  .  110 

Grid-No.l  (Control- Grid)  Voltage  . . . ...  ~--4 

Peak  AF  Grid-No.  1  Voltage  .  4 

Zero-Signal  Plate  Current  . . . . . .  32 

Maximum-Signal  Plate  Current  . 31 

Zero-Signal  Grid-No.2  Current  (Approx.)  .  3.5 

Maximum-Signal  Grid-No.2  Current  (Approx.)  .....  7.5 

Plate  Resistance  (Approx.)  . 16000. 

Transconductance  . 8100 

Load  Resistance  . 3500 

Total  Harmonic  Distortion  .  5 

Maximum-Signal  Power  Output  . 1.1 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . . . . . .  „ 

For  cathode-bias  operation  . . . . . 


25CA5 

25 

0.3 


±200  max 
100  max 


130 

130 

0 

5 

1.4 

180 


125 

125 

—4.5 

4.5 

37 

36 

4 

11 

15000 

9200 

4500 


1,5 


0.1 

0.5 


volts 

ampere 

seconds 

volts 

volts 


volts 

volts 

volts 

watts 

watts 

°C 


volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 
ohms 
/imhos 
ohms 
per  cent 
watts 


megohm 

megohm 
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6CA7 
6CA  7/ 

EL34  POWER  PENTODE 

Glass  octal  types  used  in  the  output  stage  of  audio¬ 
frequency  amplifiers.  Maximum  dimensions:  over-all 
length,  4%6  inches;  seated  height,  3%  inches;  diameter, 
1%  inches.  Tubes  require  octal  socket. 


Heater  Voltage  (ac/dc)  .......... . . 

Heater  Current  . . 

Peak  Heater-Cathode  Voltage  . . . . . 

Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . . , . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No. 3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  ........ 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 

Grid-No. 2  (Screen-Grid)  Voltage  . 

Grid-No.  2  Input  . 

Cathode  Current  . 

Plate  Dissipation  . 

TYPICAL  OPERATION 

Plate  Voltage  . . 

Grid-No. 2  Voltage  .  .  .  . . 

Grid-No.  1  (Control-Grid)  Voltage  . . 

Peak  AP  Grid-No.l  Voltage  . 

Zero-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . 

Transconductance  . . 

Plate  Resistance  . . 

Load  Resistance  . 

Maximum-Signal  Power  Output  . 

Total  Harmonic  Distortion  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance,  For  cathode-bias  operation 


Push-Pull  Class  ABi  Amplifier 

MAXIMUM  RATINGS  (Same  as  for  Class  Al  Amplifier) 

TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . . 

Cathode-Bias  Resistor  . . . . 

Grid-No.2  Resistor  . . . 

Peak  AF  Grid-No.l  to  Grid-No.l  Voltage  . . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . . . . 

Maximum-Signal  Grid-No.2  Current  . 

Effective  Load  Resistance  (Plate-to-plate)  . 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output  . 


®2  G| 


1.5  amperes 

±200  max  volts 


1  pF 

15.5  pF 

7.2  pF 


800  volts 

425  volts 

8  watts 

150  mA 

25  watts 


265 

250 

—13.5 

12.3 

100 

15 

11000 

15000 

2000 

11 

10 


volts 

volts 

volts 

volts 

mA 

mA 

jiimhos 
ohms 
ohms 
watts 
per  cent 


0.7 


megohm 


450 

450 

232 

1000 

38.2 

120 

143 

20 

44 

6500 

5.1 

40 


volts 
volts 
ohms 
ohms 
volts 
mA 
mA 
mA 
mA 
ohms 
per  cent 
watts 


6CB5 


Refer  to  chart  at  end  of  section. 


6CB5A  beam  power  tube 

Glass  octal  type  used  as  horizontal-deflection  ampli¬ 
fier  in  color  and  black-and-white  television  receivers. 
Outlines  section,  21B;  requires  octal  socket. 

Heater  Voltage  (ac/dc)  . 

Heater  Current  . * . 


3GD 

6.3  volts 

2.5  amperes 
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Heater-Cathode  Voltage : 

Peak  value  . . . , . 

Average  value  . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 
Plate  to  Cathode,  Heater*,  Grid  No.2,  and  Grid  No.3  .  .  . 


:200  max 

volts 

100  max 

volts 

0.4 

pF 

22 

pF 

10 

pF 

Class  Ax  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . . . 

Grid-No.l  Voltage  . . 

Mu-Factor,  Grid  No.2  to  Grid  No.l  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . 

Grid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  1  mA 

•  These  values  can  be  measured  by  a  method  involving  a 
maximum  rating  of  the  tube  will  not  be  exceeded. 


75 

175 

volts 

150 

175 

volts 

0 

* — 30 

volts 

— i 

3.8 

_ _ _ 

5000 

ohms 

— 

8800 

^wnhos 

460* 

90 

mA 

42* 

6 

mA 

— 

—60 

volts 

recurrent 

waveform 

such  that  the 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . . . 

Peak  Negative-Pulse  Plate  Voltage  . 

DC  Grid-No.2  (Screen-Grid)  Voltage  . . 

DC  Grid-No.l  (Control-Grid)  Voltage  . . . . 

Peak  Negative-Pulse  Grid-No.l  Voltage  . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . . 

Grid-No.2  Input  . . . . 

Plate  Dissipation!  . . . . * . .  •* 

Bulb  Temperature  (At  hottest  point)  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance  . . . 


880 

volts 

6800 

volts 

—1650 

volts 

220 

volts 

1 — 55 

volts 

—220 

volts 

850 

mA 

240 

mA 

4 

watts 

26 

watts 

220 

°C 

0.47 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds), 
f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


6CB6 

6CB6A 


SHARP-CUTOFF  PENTODE  3CR6,  4CB6 

Miniature  types  used  in  color  and  black-and-white  tele¬ 
vision  receivers  as  if  amplifier  at  frequencies  up  to 
about  45  MHz  and  as  rf  amplifiers  in  vhf  television 
tuners.  Outlines  section,  5C;  require  miniature  7-con- 
tact  socket.  For  typical  operation  as  resistance-coupled  amplifiers,  refer 
to  Resistance-Coupled  Amplifier  section.  Types  3CB6,  4CB6,  and  6CB6  are 
identical  with  type  6CB6A  except  for  heater  ratings. 


3  CBS 

4CB6 

6CB6 

6CB6A 

Heater  Voltage  (ac/dc)  . . 

3.15 

4.2 

6.3 

6.3 

volts 

Heater  Current  . . 

Heater  Warm-up  Time  (Aver- 

0.6 

0.45 

0.3 

0.3 

ampere 

age)  . J . . . 

Heater-Cathode  Voltage: 

11 

11 

— 

11 

seconds 

{+200  max 

A  eaK  value  . i  •  •  •  \  ~~-300  max 

f  +200  max 
!  — 300  max 

±200  max 

volts 

Average  value  . . 

100  max 

{  +100  max 

1  —200  max 

100  max 

volts 

Direct  Interelectrode  Capacitances : 

Unshielded 

Shielded^ 

Grid  No.l  to  Plate  . 

0.015  max 

pF 

Grid  No.l  to  Cathode,  Heater, 

Grid  No.2, 

Grid  No.3,  and  Internal  Shield  . 

6.5 

6.5 

pF 

Plate  to  Cathode,  Heater,  Grid 

No.2,  Grid 

No.3* 

and  Internal  Shield  . 

2 

3 

pF 

a  With  external  shield  connected  to 

cathode. 
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Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Grid-No. 3  (Suppressor-Grid)  Voltage,  Positive  value  .... 

Grid-No.  2  (Screen-Grid)  Voltage  . .  . . 

Grid-No. 2  Supply  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  . . . 

Plate  Dissipation  . . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts  .  ,  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . . 

Grid  No.3  . . . 

Grid-No.2  Supply  Voltage  . . . 

Cathode-Bias  Resistor  . . . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . 

Plate  Current  . . 

Grid-No.2  Current  . . . 

Grid-No.!  Voltage  (Approx.)  for  plate  current  of  20  fiA 
Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  2.8  raA 


330  volts 

0  volts 

See  curve  page  96 
330  volts 

0  volts 

2.3  watts 

0.55  watt 

See  curve  page  96 


.  125  volts 

Connected  to  cathode  at  socket 

.  125  volts 

56  ohms 

,  .  1 .  0.28  megohm 

. . ; .  8000  ,/imhos 

.  13  mA 

.  3.7  mA 

........  — 6.5  volts 

.  —3  volts 


_  TYPE  6CB6A 

cm  GRID  No.3  AND  INTERNAL  SHIELD 

£  CONNECTED  TO  CATHODE  AT  SOCKET. 

~  GRID- No.  2  VOLTS"  125 


0  100  200  300  400 

PLATE  VOLTS  92CS-9954TJ 


6CD6G 


Refer  to  chart  at  end  of  section. 


6CD6GA 

25CD6GB 


BEAM  POWER  TUBE 


Glass  octal  type  used  as  horizontal-deflection  amplifier 
in  high-efficiency  deflection  circuits  of  color  and  black- 
and-white  television  receivers.  Outlines  section,  21B; 
requires  octal  socket.  This  type  may  be  supplied  with 
pins  1,  4,  and  6  omitted.  Vertical  tube  mounting  is  pre¬ 
ferred,  but  horizontal  operation  is  permissible  if  pins 
Mo.2  and  7  are  in  vertical  plane.  Type  25CD6GB  is 
identical  with  type  6CD6GA  except  for  heater  ratings. 


5BT 


Heater  Voltage  (ac/dc)  ...  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . . . . 

Average  value  . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 
Grid  No.l  to  Plate  . . . . 


Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 


6CD6GA 

25CD6GB 

6.3 

25 

volts 

2.5 

0.6 

amperes 

— r 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

1.1 

pF 

.3  ...... 

22 

PF 

8.5 

pF 

PLATE  MILLIAMPERES  (lb) 
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Class  Ai  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . . * . . . . 

60 

175 

volts 

Grid-No.2  (Screen-Grid)  Voltage  . 

100 

175 

volts 

Grid-No.l  (Control-Grid)  Voltage  . 

0 

—30 

volte 

Mu-Factor,  Grid  No.2  to  Grid  No.l  . 

— 

3.9 

ohms 

Plate  Resistance  (Approx.)  . . 

— 

7200 

Transconductance  . . . 

— 

7700 

/imhos 

Plate  Current  . 

230* 

5.5 

mA 

Grid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

21* 

'  5.5 

mA 

1  mA  . 

— 

—55 

volts 

•  This  value  can  be  measured  by  a  method  involving 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

a  recurrent 

waveform  such 

that  the 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . 700  volts 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  Maximum)  .  7000"  volts 

Peak  Negative-Pulse  Plate  Voltage  . . .......  — 1500  volts 

DC  Grid-No.  2  (Screen-Grid)  Voltage  . . . .  175  volts 

Peak  Negative-Pulse  Grid-No.  1  Voltage  .  700  volts 

Peak  Cathode  Current  . . . ... . 200  mA 

Average  Cathode  Current  .  — 200  mA 

Plate  Dissipation!  . . 20  watts 

Grid-No.2  Input  3  watts 

Bulb  Temperature  (At  hottest  point)  . . 225  °C 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.-Circuit  Resistance,  for  grid-resistor-bias  operation  .  0.47  megohm 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

*  Under  no  circumstances  should  this  absolute  value  be  exceeded. 

t  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


6CE5 

SHARP-CUTOFF  PENTODE  3CE5 

Miniature  type  used  as  rf  and  if  amplifier  in  vhf  tele¬ 
vision  receivers.  Outlines  section,  5C;  requires  minia¬ 
ture  7-contact  socket.  Type  3CE5  is  identical  with  type 
6CE5  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  .  . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . 


3CE5  6CE5 

3.15  6.3...  volts 

0.6  0.3  ampere 

11  11  seconds 

±200  max  ±200  max  volts 

100  max  100  max  volts 


GRIP-No.2  MILUAMPERES  (XCsl 
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Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . ■  ■ . •  •  •  •  0.03  max  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3, 

and  Internal  Shield  . ........ . . .  PF 

Plate  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3, 
and  Internal  Shield  . . .  I*9  P* 


Class  A,  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

300 

volts 

Grid-No. 2  (Screen-Grid)  Voltage  . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  . 

Plate  Dissipation  . -  •  ■  ■ . *  • 

150 

0 

2 

0.5 

volts 

volts 

watts 

watt 

CHARACTERISTICS 

125 

volts 

125 

volts 

flvid-Nn  1  ShtidIv  Volts  . . . ,  .  ,  .  . . . 

—1 

volt 

VI I  U.  A  MUpp  iy  V  *■►**'»♦*  *  '■  * . .  * 

/"<  Tii  A  AT  1  . . . 

1 

megohm 

v.rl  1CL-XN  0. 1  ivesiwtui  \  . . . 

Plotf*  T? f  Annvox  i  . . . . 

0.3 

megohm 

7600 

/imhos 

11 

mA 

2.3 

mA 

Grid-No.  1  Voltage  (Approx,  t  for  plate  current  of  35  ji A  . 

—5 

volts 

6CF6 

3CF6 


SHARP-CUTOFF  PENTODE 


Miniature  type  used  in  television  receivers  as  an  if 
amplifier  at  frequencies  up  to  about  45  MHz  and  as  an 
rf  amplifier  in  vhf  television  tuners.  This  type  is  elec¬ 
trically  similar  to  type  6CB6.  Outlines  section,  5C;  re¬ 
quires  7-contact  socket.  Type  8CF6  is  identical  with 
type  6CF6  except  for  heater  ratings. 


im 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . 


3CF6  6CF6 

3.15  6.3  volts 

0.6  0.3  ampere 

11  11  seconds 

4-200,  - — 300  max  ±200  max  volts 

100  max  100  max  volts 


Direct  Interelectrode  Capacitances :  Unshielded  Shielded 

Grid  No.l  to  Plate  . .  0.025  max  0.015  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2, 

Grid  No.3,  and  Internal  Shield  . . .  6.0  6.5 

Plate  to  Cathode,  Heater,  Grid  No.2, 

Grid  No.3,  and  Internal  Shield  .  2  * 


pF 

PF 

pF 


CHARACTERISTICS 

Plate  Supply  Voltage  . • . 

Grid  No.3  . ■  . 

Grid-No. 2  Supply  Voltage  . 

Cathode-Bias  Resistor  . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . 

Plate  Current  . . 

Grid  No.2  Current  . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  20  n A 
Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  2.2  mA 


.  125 

Connected  to  cathode 

.  125 

.  56 

.  0.3 

........  7800 

........  12.5 

.  3.7 

.  — 6 

.  —3 


volts 
at  socket 
volts 
ohms 
megohm 
/imhos 

mA 

mA 

volts 

volts 


6CG7 


Refer  to  type  6FQ7/6CG7. 


6CG8 


Refer  to  chart  at  end  of  section. 
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MEDIUM-MU  TRIODE—  6CG8A 

SHARP-CUTOFF  PENTODE  sees 

Miniature  type  used  as  combined  oscillator  and  mixer 
tube  in  color  and  black-and-white  television  receivers 
utilizing  an  intermediate  frequency  in  the  order  of  40 
MHz.  When  used  in  an  AM/FM  receiver,  the  triode 
unit  is  used  as  an  oscillator  for  both  sections.  In  the 
9GF  AM  section,  the  pentode  unit  is  used  as  a  high-gain 

pentode  mixer;  in  the  FM  section,  the  pentode  unit  is  used  either  as  a  pen¬ 
tode  mixer  or  as  a  triode-connected  mixer  depending  on  signal-to-noise 
considerations.  Outlines  section,  6B;  requires  miniature  9-contact  socket. 
Type  5CG8  is  identical  with  type  6CG8A  except  for  heater  ratings.  These 


types  are  electrically  identical  with  miniature  type  6X8  except  for  inter¬ 
electrode  capacitances. 

5CG8  6CG8A 

Heater  Voltage  (ac/dc)  . . . . 

4.7 

6.3 

volts 

Heater  Current  . . 

0.6 

0.45 

ampere 

Heater  Warm-up  Time  (Average)  . . . 

Heater-Cathode  Voltage : 

11 

11 

seconds 

Peak  value  . . . 

±200  max 

±200  max 

volts 

Average  value  . 

Direct  Interelectrode  Capacitances : 

Triode  Unit: 

100  max 
Unshielded 

100  max 
Shielded0 

volts 

Grid  to  Plate  . 

1.5 

1.5 

pF 

Grid  to  Cathode,  Heater,  and  Pentode  Grid  No. 3 

2 

2.4 

pF 

Plate  to  Cathode,  Heater,  and  Pentode  Grid  No.3 
Pentode  Unit : 

0.5 

1 

pF 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and 

0.04  max 

0.02  max 

pF 

Grid  No.3  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  and 

4.6 

4.8 

PF 

Grid  No.3  .  . . 

0.9 

1.6 

pF 

Pentode  Grid  No.l  to  Triode  Plate  . 

0.05  max 

0.04  max 

pF 

Pentode  Plate  to  Triode  Plate  . 

0.05  max 

0.008  max 

pF 

Heater  to  Cathode  . 

®  With  external  shield  connected  to  cathode,  except  as 
•  With  external  shield  connected  to  plate. 

See  chart  at  end  of  section. 

6.5 

noted. 

6.5* 

6C  m 

pF 

HALF-WAVE  6CK3 

VACUUM  RECTIFIER  12CK3,  17CK3 

Novar  type  used  as  damper  tube  in  horizontal-deflec¬ 
tion  circuits  of  black-and-white  television  receivers. 
Outlines  section,  11D;  requires  novar  9-contact  socket. 
Socket  terminals  1,  3,  6,  and  8  should  not  be  used  as 
tie  points;  it  is  recommended  that  socket  tabs  be  re¬ 
moved  to  reduce  the  possibility  of  arc-over  and  to 
minimize  leakage.  This  tube,  like  other  power-hand¬ 
ling  tubes,  should  be  adequately  ventilated.  Types 
12CK3  and  17CK3  are  identical  with  tvne  6CK3 
for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . 

Direct  Interelectrode  Capacitances  (Approx.) : 

Plate  to  Cathode  and  Heater  . 

Cathode  to  Plate  and  Heater . .  . 

Heater  to  Cathode  . . 


identical  with  type  6CK3 

except 

6CK3 

12CK3 

17CK3 

6.3 

12.6 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

“ — * 

11 

11 

seconds 

,  ft  T  T  »  „  r  _  T  „ 

6.5 

pF 

!•».:«  .  .  ...  . 

9.0 

pF 

9*0 

3.0 

PF 
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Darnper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . . 

Peak  Plate  Current  . . 

Average  Plate  Current  .  - . . . . . * . . . . 

Plate  Dissipation  .  . .  .  . . .  .  .  . . . . . 

Heater-Cathode ,  Voltage : 

Peak  value  . . . •  • . .  +300 

Average  value  . . . . .  +100 

CHARACTERISTICS 

Tube  Voltage  Drop  for  plate  current  of  350  mA  . . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle 


5200 

volts 

1200 

mA 

250 

mA 

6.5 

watts 

—5200 

volts 

—900 

volts 

16 

volts 

(10  microseconds). 


6CK4 


See  chart  at  end  of  section. 


6CL3  HALF-WAVE 

nets,  17CL3  VACUUM  RECTIFIER 

Novar  type  used  as  a  damper  tube  in  horizontal-de¬ 
flection  circuits  of  color  and  black-and-white  tele¬ 


vision  receivers.  Outlines  section,  SOB;  requires  novar 
9-contact  socket.  Socket  terminals  1,  3,  6,  and  8  should 
not  be  used  as  tie  points.  This  tube,  like  other  power- 
handling*  tubes,  should  be  adequately  ventilated.  Types 
12CL3  and  17CL3  are  identical  with  type  6CL3  except 
for  heater  ratings. 


9HP 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 


6CL3  12CL3  17CL3 

6.3  12.6  16.8 

1.2  0.6  0.45 

—  11  11 


volts 

amperes 

seconds 


Direct  Interelectrode  Capacitances : 

Plate  to  Cathode  and  Heater  . . 

Cathode  to  Plate  and  Heater  . . 

Heater  to  Cathode  . . . . 

Damper  Service 


6.5 

9.0 

3.0 


pF 

pF 

pF 


For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . . . . . . . 

Peak  Plate  Current  . . . . .  •  - . 

Average  Plate  Current  . . . . . * . - . 

Plate  Dissipation  . ■  •  • . .•.•••. . 

Bulb  Temperature  (At  hottest  point)  - -  .  .  . . - . . 

Heater-Cathode  Voltage: 

Peak  value  .  ;  . . .  +300 

Average  value  .  . . . . .  +10U 

CHARACTERISTICS 

Tube  Voltage  Drop  for  plate  current  of  350  mA  .  . . . . 


6500 

volts 

1300 

mA 

250 

mA 

8.5 

watts 

220 

°C 

—5000 

volts 

—900 

volts 

16 

volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


6CL6  POWER  PENTODE 

Miniature  type  used  in  output  stage  of  video  amplifier 
of  color  arid  black-and-white  television  receivers  and 
as  wide-band  amplifier  tube  in  industrial  and  labora¬ 
tory  equipment.  Outlines  section,  6E;  requires  minia¬ 
ture  9-contact  socket. 

Heater  Voltage  (ac/dc)  . . . . . 

Heater  Current  . . . . . . . 

Peak  Heater-Cathode  Voltage  . .  - - - - - - 

Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  No.l  to  Plate  . 


H 


6.3  volts 

Q.65  ampere 

+100  max  volts 


0.12  pF 
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Grid  No.l  to  Cathode,  Heater,  Grid  No.  2,  Grid.  No.3, 

and  Internal  Shield  . . hi.  •  *  . . ....... 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . .  . . . 

Class  A3  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . . 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value  . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . . . 

Grid-No, 2  Voltage  . .  ■ . 

Grid-No.  1  (Control-Grid)  Voltage: 

Negative-bias  value  . . . . 

Positive-bias  value  .  .  .  .  : . . 

Plate  Dissipation  . . 

Grid-No.  2  Input  . .  .  .  ; . . 

Bulb  Temperature  (At  hottest  point)  . 

TYPICAL  OPERATION 

Plate  Voltage  . . . . 

Grid  No.3  .  . . . . . . 

Grid-No.2  Voltage  . . . . . • 

Grid-No.  1  Voltage  . . •' 

Peak  AF  Grid-No.  1  Voltage  ...... . . . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . . . 

Zero-Signal  Grid-No.2  Current  . •  ♦  •  . . 

Maximum- Signal  Grid-No.2  Current  . .  .  .  .  . . . 

Plate  Resistance  (Approx.)  . . . 

Trans  conductance  . .  . . . 

Load  Resistance  . 

Total  Harmonic  Distortion  . . . . 

Maximum- Signal  Power  Output  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  10  /i A  . 

TYPICAL  OPERATION  IN  MhL-BANDWJTH  VIDEO  AMPLIFIER 

Plate  Supply  Voltage  . . 

Grid  No.3  . . . . 

Grid-No.2  Supply  Voltage  . 

Grid-No.l  Bias  Voltage  . . . 

Grid-No.l  Signal  Voltage  (Peak  to  Peak)  . . 

Grid-No.2  Resistor  .  . . . 

Grid-No.l  Resistor  . . 

Load  Resistor  . . . 

Zero-Signal  Plate  Current  . . -  •  . . 

Zero-Signal  Grid-No.2  Current  . . ...... . 

Voltage  Output  (Peak  to  Peak)  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l  Circuit  Resistance: 

For  lixed-hias  operation  .  : . . . . 

For  cathode-bias  operation  . 


11  pF 

5.5  :  '  pF 


Refer  to  chart  at  end  of  section. 
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6CL8A  MEDIUM-MU  TRIODE— 

5CI.SA,  19CL9A  SHARP-CUTOFF  TETRODE  1 

Miniature  type  used  as  combined  vhf  oscillator  and  kt(3> 
mixer  in  color  and  black-and-white  television  receivers. 
Outlines  section,  6B;  requires  miniature  9-contact  pT(i/ 
socket.  For  maximum  ratings  as  class  Ai  amplifier,  < 
see  type  6U8A.  Types  5CL8A  and  19CL8A  are  identi-  gt 

cal  with  type  6CL8A  except  for  heater  ratings. 


Heater  Voltage  (ac/de)  .  4.7  6.3 

Heater  Current  . 0.6  0.45 

Heater  Warm-up  Time  (Average)  .  11  11 

Heater-Cathode  Voltage : 

Peak  value  . ±200  max  ±200  max 

Average  value  . 100  max  100  max 

Direet  Interelectrode  Capacitances:  Unshielded 

Triode  Unit : 

Grid  to  Plate  .  1.8 

Grid  to  Cathode,  Tetrode  Cathode,  Heater, 

and  Internal  Shield  . 2.8 

Plate  to  Cathode,  Tetrode  Cathode,  Heater, 

and  Internal  Shield  .  1.5 

Tetrode  Unit: 

Grid  No.  1  to  Plate  .  0.02  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2, 

and  Internal  Shield  . 5 

Plate  to  Cathode,  Heater,  Grid  No.2, 

and  Internal  Shield  . .  .......... .  2 

Tetrode  Grid  No.l  to  Triode  Plate  . .  0.015  max 

Tetrode  Plate  to  Triode  Plate  . . <  .  . .  0.15  max 

Heater  to  Cathode  (Each  Unit)  .  3 


19CL8A 

18.9 

0.15 

11 

±200  max 
100  max 

Shielded 


0.01  max 
0.03  max 


Class  A,  Amplifier 

CHARACTERISTICS  1 

Plate  Supply  Voltage  . . . . 

Grid-No. 2  (Screen-Grid)  Voltage  . 

Grid-No. 1  Voltage  . 

Amplification  Factor'  . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . . . 

Plate  Current  . . . . . 

Grid-No. 2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

20  M  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . . . . 


Triode  Unit  Tetrode  Unit 


megohm 

iwmhos 

mA 

i»A 


megohm 

megohm 


6CM6  BEAM  POWER  TUBE 

Miniature  type  used  as  vertical-deflection  amplifier 
in  color  and  black-and-white  television  receivers  and  as 
audio  power  amplifier  in  radio  and  television  re¬ 
ceivers.  Outlines  section,  6E;  requires  miniature  9-con¬ 
tact  socket.  For  typical  operation  and  maximum  circuit 
values  as  class  Ax  amplifier,  refer  to  type  6V6GTA. 
For  curves  of  average  plate  characteristics,  refer  to 
type  6AQ5A. 

Heater  Voltage  (ac/dc)  . . * . 

Heater  Current  . . . . . . 

Heater-Cathode  Voltage : 

Peak  value  . . . . . 

Average  value  . . 

Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No, 3  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . . 


H 


9CK 


6.3 

volts 

0.45 

ampere 

fc200  max 

volts 

100  max 

volts 

0.7 

pF 

8 

PF 

8.5 

pF 
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Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 

Grid-No. 2  (Screen-Grid)  Voltage  . . 

Plate  Dissipation  . . 

Grid-No. 2  Input  . 

CHARACTERISTICS 

Plate  Voltage  . . . . . 

Grid-No.  1  Voltage  . . . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . 

Transconductance . . . . 

Plate  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  0.5  mA 


315 

volts 

285 

volts 

12 

watts 

2 

watts 

250 

volts 

—12.5 

volts 

0,8 

1960 

ohms 

5000 

jtmhos 

49.5 

mA 

— 37 

volts 

Vertical-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute 

Maximum)  . 

DC  Grid-No. 2  (Screen-Grid)  Voltage  . 

Peak  Negative-Pulse  Grid-No.l  (Control-Grid)  Voltage 

Peak  Cathode  Current . . 

Average  Cathode  Current  . 

Plate  Dissipation  . . 

Grid-No. 2  Input  . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance,  For  cathode-bias 

operation  .  - . . . . 


Triode 

Pentode 

Connection* 

Connection 

315 

815 

volts 

2000a 

2000a 

volts 

— 

285 

volts 

—250 

—250 

volts 

120 

120 

mA 

40 

40 

mA 

9 

8 

watts 

“* 

1.75 

watts 

2.2 

2.2 

megohms 

*  Grid  No.2  connected  to  plate. 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds), 
a  Under  no  circumstances  should  this  absolute  value  be  exceeded. 


PT2  kt* 

9E3 


MEDIUM-MU  DUAL  TRIODE 


6CM7 

8CM7 


Miniature  type  used  as  combined  vertical-deflection  os¬ 
cillator  and  vertical-deflection  amplifier  in  black-and- 
white  television  receivers.  Unit  No.l  is  used  as  a 
conventional  blocking  oscillator  in  vertical-deflection 
circuits,  and  unit  No.2  as  a  vertical-deflection  ampli¬ 
fier.  Outlines  section,  6E;  requires  miniature  9-contact 
socket.  Types  8CM7  is  identical  with  type  6CM7  except 
for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . . . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage: 

Peak  value  . 

Average  value  . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  to  Plate  .  . . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . 

Class  Ax  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  Voltage  . . . 

Amplification  Factor . . . . . 

Plate  Resistance  (Approx.)  . . . * 

Transconductance  . . . . 

Plate  Current  . 

Plate  Current  for  grid  voltage  of  — 10  volts  . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  /iA 


6CM7 

8  CM  7 

6.3 

8.4 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

Unit  No.l 

Unit  No.2 

3.8 

8 

PF 

2 

8.5 

pF 

0.5 

0.4 

PF 

Unit  No.l 

Unit  No.2 

200 

250 

volts 

—7 

—8 

volts 

21 

18 

10500 

4100 

ohms 

2000 

4401) 

#imhos 

5 

20 

mA 

1 

— 

mA 

—14 

volts 
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Vertical-Deflection  Oscillator  and  Amplifier 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . . 

Peak  Positive-Pulse  Plate  Voltage#  .  ...  .  . 

Peak  Negative-Pulse  Grid  Voltage  . . 

Peak  Cathode  Current  . . 

Average  Cathode  Current  . 

Plate  Dissipation  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . . 

For  grid-resistor-bias  operation  .  . . . 


Unit  No.l  Unit  No. 2 
Oscillator  Amplifier 


550 

550 

volts 

■ 

2200 

volts 

— 220 

—220 

volts 

77 

77 

mA 

17 

22 

mA 

1.45 

6 

watts 

2.2 

1.0 

megohms 

2.2 

2.5 

megohms 

2.2 

— 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


6CM8 


See  chart  at  end  of  section. 


6CN7  TWIN  DIODE— 

8CN7  HIGH-MU  TRIODE 


Miniature  type  used  as  combined  horizontal  phase  de¬ 
tector  and  reactance  tube  in  color  and  black-and-white 
television  receivers.  The  triode  unit  is  used  in  sync- 
separator,  sync-amplifier,  or  audio  amplifier  circuits. 
Outlines  section,  6B;  requires  miniature  9-contact 
socket.  For  typical  operation  of  triode  unit  as  resist¬ 
ance-coupled  amplifier,  refer  to  Resistance-Coupled 
Amplifier  section.  Type  8CN7  is  identical  with  type 
6CN7  except  for  heater  ratings. 


Heater  Voltage  (ae/dc) : 

Series  . . . 

Parallel  . 

Heater  Current: 

Series  . 

Parallel  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . 


6CN7 

6.3 

3.15 

0.3 

0.6 

11 

±200  max 
100  max 


Direct  Interelectrode  Capacitances : 

Triode  Unit : 

Grid  to  Plate  . . . .  . . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . 

Diode  Units : 

Diode-No. 1  Plate  to  Cathode  of  Diodes  No.l  and  No.  2, 
Heater,  and  Internal  Shield  . . 


8CN7 

8.4 

4.2 


volts 

volts 


0.225 

0.45 

11 

±200  max 
100  max 


ampere 

ampere 

seconds 

volts 
■  volts 


1.8 

1.5 

0.5 


•pF 

•pF 

»F 


3.6 


PF 
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Diode-No.2  Plate  to  Cathode  of  Diodes  No.l  and  No.  2, 

Heater,  and  Internal  Shield  . . 

Triode  Grid  to  Either  Diode  Plate  . . 


Trlode  Unit  as  Class  AL  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid  Voltage,  Positive-bias  value  . 

Plate  Dissipation  . . 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid  Voltage  . . . 

Amplification  Factor  .  . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . 

Plate  Current  . . . 


100 
— 1 
70 
54000 
1300 

o.s- 


Diode  Units 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  (Each  Unit)  . . 


3.6 

0.006 


330 

0 

1.1 


250 
— 3 

70 

58000 

1200 

1 


5.5 


PF 

pF 


volts 

volts 

watt 


volts 

volts 

ohms 

/mhos 

mA 


mA 


P 


HALF-WAVE 
VACUUM  RECTIFIER 


6CQ4 


Octal  type  used  as  damper  tube  in  horizontal-deflection 
circuits  of  black-and-white  television  receivers  .Out¬ 
lines  section,  13G;  requires  octal  socket.  Socket  ter¬ 
minals  1,  2,  4,  and  6  should  not  be  used  as  tie  points. 
This  tube,  like  other  power-handling  tubes,  should  be 
adequately  ventilated.  Heater:  volts  (ac/dc),  6.3;  am¬ 
peres,  1.6. 


Damper  Service 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Current#  . 

Peak  Plate  Current  . . 

Average  Plate  Current  . 

Plate  Dissipation  . . . . . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . 

CHARACTERISTICS,  Instantaneous  Value 
Tube  Voltage  Drop  for  plate  current  of  250  mA 


+300 

+100 


5500 

volts 

1200 

mA 

100 

mA 

6.5 

watts 

-5500 

volts 

—900 

volts 

25 

volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cyrcle  (10  microseconds). 


MEDIUM-MU  TRIODE—  6CQ8 

SHARP-CUTOFF  TETRODE  5CQ8 


Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  tetrode  unit  is  used 
as  a  mixer,  video  if  amplifier,  or  sound  if  amplifier 
tube.  The  triode  unit  is  used  in  vhf  oscillator,  phase- 
splitter,  sync-clipper,  sync-separator,  and  rf  amplifier 
circuits.  Outlines  section,  6B;  requires  miniature  9- 
contact  socket.  Type  5CQ8  is  identical  with  type  6CQ8 
except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 

Direct  Interelectrode  Capacitances: 
Triode  Unit: 

Grid  to  Plate  . . .  . . . 

Grid  to  Cathode  and  Heater  .  . 
Plate  to  Cathode  and  Heater  . 


5CQ8 

6CQ8 

volts 

4.7 

6.3 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

nshielded 

Shielded* 

1.8 

1.8 

pF 

2.7 

2.7 

PF 

0.4 

1.2 

PF 
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Tetrode  Unit: 

Grid  No.l  to  Plate  .  0.019  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2 

and  Internal  Shield  . . . .  5.0 

Plate  to  Cathode,  Heater,  Grid  No.2, 

and  Internal  Shield  .  2.5 

Tetrode  Plate  to  Triode  Plate  .  0.07  max 

Heater  to  Cathode  (Each  Unit)  .  3.0 


*  With  external  shield  connected  to  cathode  of  unit  under  test, 
t  With  external  shield  connected  to  ground. 


0.015  max 
5.0 


3.3 

0.01  max 
3.0f 


pF 

PF 


pF 

pF 

pF 


Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid")  Supply  Voltage  . . 

Grid-No. 2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 
Grid  Input  . 

CHARACTERISTICS 

Plate-Supply  Voltage  . . . 

Grid-No.2  Supply  Voltage  . 

Grid-No.  1  Voltage  . . . 

Cathode-Bias  Resistor  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductanee  . . . 

Plate  Current  . . . . . 

Grid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

100  fiA  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . . .  „ 

For  cathode-bias  operation  . 


Triode  Unit  Tetrode  Unit 


330 

330 

volts 

— 

330 

volts 

See  curve 

page 

96 

0 

0 

volts 

3.1 

3.2 

watts 

_ 

0.7 

watt 

See  curve 

page 

96 

0.55 

— 

watt 

125 

125 

volts 

— 

125 

volts 

. — 

—1 

volts 

56 

— 

ohms 

40 

— 

5000 

140000 

ohms 

8000 

5800 

$imh  os 

15 

12 

mA 

— 

4.2 

mA 

—7 

—7 

volts 

0.5 

0.25 

megohm 

1.0 

1.0 

megohm 

6CR6  DIODE— 

12CR6  REMOTE-CUTOFF  PENTODE 

Miniature  type  used  as  combined  detector  and  audio 
amplifier  in  automobile  and  ac-operated  radio  re¬ 
ceivers.  The  diode  unit  is  used  as  an  AM  detector,  and 
the  pentode  unit  as  an  automatic-volume-controlled 
audio  amplifier.  Outlines  section,  5C;  requires  miniature 
7-contact  socket.  Type  12CR6  is  identical  with  type 
6CR6  except  for  heater  ratings. 


7EA 


6CR6 

Heater  Voltage  (ac/dc)  .  6.3 

Heater  Current  .  0.3 

Peak  Heater- Cathode  Voltage  .  ±100  max 


Pentode  Unit  as  Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.2  Supply  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . 

Plate  Dissipation  . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . . . 

For  grid-No.2  voltages  between  150  and  300  volts  . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid-No.2  Voltage  . . . . . . . . 

Grid-No.l  Voltage  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . 

Plate  Current  . : . . . . . . 

Grid-No.2  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  transconductance  of  10  /unhos 


12CR6 

12.6  volts 

0.15  ampere 

±100  max  volts 


300  volts 

See  curve  page  96 
300  volts 

0  volts 

2.5  watts 

0.3  watt 

See  curve  page  96 


250  volts 

100  volts 

— 2  volts 

0.8  megohm 

2200  hos 

9.6  mA 

2.6  mA 

— 32  volts 
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MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance : 
For  fixed-bias  operation  .  .  . 
For  cathode-bias  operation 


0.25 

'1.0 


megohm 

megohm 


Plate  Current 


Diode  Unit 

MAXIMUM  RATINGS  (Design-Center  Values) 

.  1  mA 

6CS6 

PENTAGRID  AMPLIFIER  3CS6,  4CS6 

Miniature  type  used  as  a  gated  amplifier  in  color  and 
black-and-white  television  receivers.  In  such  service, 
it  may  be  used  as  a  combined  sync  separator  and  sync 
clipper.  Outlines  section,  5C;  requires  miniature  7- 
contact  socket.  Types  3CS6  and  4CS6  are  identical  with 
7CH  type  6CS6  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage: 

Peak  value  . 

Average  Value  . 

Direct  Interelectrode  Capacitances  (Approx.) 

Grid  No.l  to  Plate  . .  - . 

Grid  No. 3  to  Plate  . 

Grid  No.l  to  Grid  No. 3  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid 

Grid  No.4,  and  Grid  No.5  . 

Grid  No. 3  to  Cathode,  Heater,  Grid  No.l,  Grid  No.2, 

Grid  No.4,  and  Grid  No.5  . . 

Plate  to  Cathode,  Heater,  Grid  No.l,  Grid  No.2,  Grid  No.8; 
Grid  No.4,  and  Grid  No.5  . 


3CS6 

4CS6 

6CS6 

3.15 

4.2 

6.3 

volts 

0.6 

0.45 

0.3 

ampere 

11 

11 

It 

seconds 

±200  max 

±200  max 

±200  max 

volts 

100  max 

100  max 

100  max 

volts 

No.  3, 


0.07  max 
0.30  max 
0.22  max 


pF 

pF 

pF 


Class  AL  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . . . . 

Grids-No.2-and-No.4  Voltage  . 

Grid-No.  3  Voltage  . 

Grid-No. 1  Voltage  . 

Plate  Resistance  (Approx.)  . 

Grid-No.3-to-Plate  Transconductance  . 

Grid-No.  1-to-P late  Transconductance  . 

Plate  Current  . . 

Grids-No.2-and-No.-4  Current  . 

Grid-No. 3  Voltage  (Approx.)  for  plate  current  of 

50  fiA  . . . . . 

Grid-No. 1  Voltage  (Approx.)  for  plate  current  of 
50  fiA  . . . 

Gated  Amplifier  Service 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . 

Grids-No.2-and-No.4  Supply  Voltage  . . . . 

Grids-No.2-and-No.4  Voltage  . . * . . . . 

Cathode  Current  . . . 

Plate  Dissipation  . 

Grids-No.2~and-No.4  Input: 

For  grids-No.2-and-No.4  voltages  up  to  150  volts  . 

For  grids-No.2-and~No.4  voltages  between  150  and  300  volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance  . 

Grid-No, 3-Circuit  Resistance  . . . . . 


5.5 

pF 

No.  3, 

7 

PF 

7.5 

PF 

100 

100 

volts 

30 

30 

volts 

--I 

0 

volt 

0 

— 1 

volt 

0.7 

1 

megohm 

1500 

— 

,ttmho9 

— 

1100 

jtmhos 

0.8 

1.0 

mA 

5.5 

1.3 

mA 

— 2.2 

— 

volts 

— 

—2.5 

volts 

300 

300 


volts 

volts 


See  curve  page  96 
14  mA 

1  watt 

1  watt 

See  curve  page  96 

0.47  megohm 

2.2  megohms 


6CS7 


MEDIUM-MU  DUAL  TRIODE  8CS7 

Miniature  type  used  as  combined  vertical-deflection  os¬ 
cillator  and  vertical-deflection  amplifier  in  television 
receivers.  Unit  No.l  is  used  as  a  conventional  block¬ 
ing  oscillator  in  vertical-deflection  circuits,  and  unit 
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No.2  as  a  vertical-deflection  amplifier.  Outlines  section,  6E;  require  minia¬ 
ture  9-contact  socket.  Type  8CS7  is  identical  with  type  6CS7  except  for 
heater  ratings. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . * . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value . . . 

Direct  Interelectrode  Capacitances  (Approx.): 

Grid  to  Plate  . . . . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater . 


6CS7 

8CS7 

6.3 

8.4 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

Unit  No.l 

Unit  No.2 

2.6 

2.6 

I>F 

1.8 

3 

pF 

0.5 

0.5 

pF 

Class  Ai  Amplifier 

Unit  No.l  Unit  No.2 


CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . . . 

Oscillator 

250 

—8.5 

17 

Amplifier 

250 

—10.5 

15.5 

volts 

volts 

Plate  Resistance  (Approx.)  . . 

Trans  conductance  . . 

7700 

2200 

3450 

4500 

ohms 

jwmhos 

Plate  Current  . . 

10.5 

19 

mA 

Plate  Current  for  grid  voltage  of  — 16  volts 
Grid  Voltage  (Approx.)  for  plate  current  of 
Grid  Voltage  (Approx.)  for  plate  current  of 

io' 

50 

fiA 

fiA 

—24 

3 

—22 

mA 

volts 

volts 

Vertical-Deflection  Oscillator  and  Amplifier 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute 

Maximum)  . . . 

Peak  Negative-Pulse  Grid  Voltage  . 

Peak  Cathode  Current  . . 

Average  Cathode  Current  . 

Plate  Dissipation  . 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance  . . . 


Unit  No.l 

Unit  No.2 

Oscillator 

Amplifier 

500 

500 

volts 

__ 

2200a 

volts 

—400 

—250 

volts 

70 

105 

mA. 

20 

30 

mA 

1.25 

6.5 

watts 

2.2 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 
a  Under  no  circumstances  should  this  absolute  value  be  exceeded. 


6CU5 

12CU5/12C5,  17CU5  BEAM  POWER  TUBE 

Miniature  type  used  in  the  audio  output  stage  of  tele¬ 
vision  receivers.  Outlines  section,  5D;  requires  minia¬ 
ture  7-contact  socket.  Types  12CU5/12C5  and  17CU5 
are  identical  with  type  6CU5  except  for  heater  ratings. 


7CV 


6CU5 

6.3 

1.2 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage: 

Peak  value  . . •  ±200  max 

Average  value  . . . .  100  max 

Direct  Interelectrode  Capacitances  (Approx.): 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.: 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  ... 


12CU5/12C5 

12.6 

0.6 

11 


±200  max 
100  max 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  .  .  . 

Plate  Dissipation  . 

Grid-No.2  Input  . . 

Bulb  Temperature  (At  hottest  point)  . *  *  -  * - 


17CU5 

16.8 

0.45 

11 

±200  max 
100  max 

0.6 

13 

8.5 


150 

130 

0 

7 

1.4 

220 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 


volts 

volts 

volts 

watts 

watts 

<;C 
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TYPICAL  OPERATION 

Plate  Voltage  . . . 

Grid-No.  2  Voltage  . 

Grid-No.  1  Voltage  . 

Peak  AF  Grid-No.l  Voltage  . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current  .  .  . 
Zero-Signal  Grid-No.2  Current  .... 
Maximum-Signal  Grid-No.2  Current 

Plate  Resistance  (Approx.)  . 

Transconductance  .  . . . 

Load  Resistance  . . . 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output  .  .  . 
MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  .... 
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120 

volts 

no 

volts 

—8 

volts 

8 

volts 

49 

mA 

50 

mA 

4 

mA 

8.5 

mA 

10000 

ohms 

7500 

/imhos 

2500 

ohms 

10 

per  cent 

2.3 

watts 

0.1 

megohm 

0.5 

megohm 

Refer  to  type  6BQ6GTB/6CU6. 


6CU6 


9GM 


MEDIUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


6CU8 


Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  pentode  unit  is  used 
as  an  if  amplifier,  video  amplifier,  age  amplifier,  and 
reactance  tube.  The  triode  unit  is  used  in  low-fre¬ 
quency  oscillator,  sync-separator,  sync-clipper,  and 
phase-splitter  circuits.  Outlines  section,  6B;  requires 
miniature  9 -contact  socket. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . . . 

Heater-Cathode  Voltage : 

Peak  value  . , . . . 

Average  value  . . . . . . . 

Direct  Interelectrode  Capacitances : 

Triode  Unit: 

Grid  to  Plate  . •  •• 

Grid  to  Cathode,  Heater,  Pentode  Grid  No. 3,  and  Internal  Shield 
Plate  to  Cathode,  Heater,  Pentode  Grid  No. 3  and  Internal  Shield 
Pentode  Unit: 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  Triode 

Cathode,  and  Internal  Shield  . - 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  Triode 

Cathode,  and  Internal  Shield  . . . . 

Pentode  Grid  No.l  to  Triode  Plate  . 

Pentode  Plate  to  Triode  Plate  ... . . . 


6.3 

0.45 

±200  max 
100  max 


1.6 

1.9 

1.6 


0.025  max 
7 


2,4 

0.03  max 
0.07  max 


volts 

ampere 

volts 

volts 


pF 

pF 

pF 


PF 

PF 


pF 

pF 

pF 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Triode  Unit  Pentode  Unit 


Plate  Voltage  .  . . . . . . 

Grid-No.2  Supply  Voltage  . . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 


330  330 

—  330 

—  See  curve  page  96 

0  0 

2.8  2.3 


—  0,55 

—  See  curve  page  96 


CHARACTERISTICS 


Plate  Supply  Voltage  . . 

Grid-No.2  Supply  Voltage  . 

Grid-No.l  Voltage  . . . 

Cathode-Bias  Resistor  . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . . . 

Plate  Current  .  . . . . . . 

Plate  Current  for  grid-No.l  voltage  of  — 3  volts  .... 

Grid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 
20  /fA  . 


125 

125 

— 

125 

— 1 

56 

24 

— 

4100 

170000 

5800 

7800 

17 

12 

— 

—1,6 

— 

3.8 

—19 

—8 

volts 

volts 

volts 

watts 

watt 


volts 

volts 

volts 

ohms 

ohms 

/fmhos 

mA 

rnA 

mA 

volts 
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6CW4 

2CW4,  1.3CW4 


HIGH-MU  TRSODE 


Nu  vis  tor  type  used  as  a  grounded-cathode,  neutralized 
rf  amplifier  in  vhf  tuners  of  color  and  black-and- 
white  television  and  FM  receivers.  Outlines  section, 
1;  requires  nuvistor  socket.  Types  2CW4  and  13CW4 
are  identical  with  type  6CW4  except  for  heater  ratings. 


INDEX  =  LARGE  LUG 
«=  PIN  CUT  OFT 

12  AG 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Peak  Heater-Cathode  Voltage  . 

Direct  Interelectrode  Capacitances  (Approx.) 

Grid  to  Plate  . 

Grid  to  Cathode,  Heater,  and  Shell  . 

Plate  to  Cathode,  Heater,  and  Shell  .  .  . 

Plate  to  Cathode  . . 

Heater  to  Cathode  . . . 


2CW4 

6CW4 

X3CW4 

2.1 

6.3 

13.5 

volts 

0.45 

0.135 

0.06 

ampere 

8 

— 

. — 

seconds 

±100  max 

±100  max  ±100  max 

volts 

0.92 

pF 

4.3 

pF 

1.8 

pF 

0.18 

pF 

1.6 

pF 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . 

Plate  Voltage  . 

Grid  Voltage : 

Negative-bias  value  . 

Peak  positive  value  . . . 

Cathode  Current  . 

Plate  Dissipation  . . . 


300° 

135 

55 

0 

15 

1.5 


CHARACTERISTICS  AND  TYPICAL  OPERATION 

Plate  Supply  Voltage  . 

Grid  Supply  Voltage  . 

Cathode-Bias  Resistor  . . 

Grid  Resistor  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . 

Plate  Current  . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  nA  . 
MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance:" 

For  fixed-bias  operation  . . . . . . . 

For  cathode-bias  operation  . 


Typical 

Characteristics  Operation 
110  70 

0  0 

130  — 

—  47000 

65  68 

6600  5440 

0800  12500 

7  7.2 

—4  — 


0.5 

2.2 


volts 

volts 

volts 

volts 

m.A 

watt 


volts 

volts 

ohms 

ohms 

ohms 

jonhos 

mA 

volts 


megohm 

megohms 


°  A  plate  supply  voltage  of  300  volts  may  be  used  provided  a  sufficiently  large  resistor  is  used 
in  the  plate  circuit  to  limit  the  plate  dissipation  to  1.5  watts  under  any  condition  of  operation. 
■  For  operation  at  metal-shell  temperatures  up  to  135°  C. 


Technical  Data 
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H 


6CW5 

POWER  PENTODE  6CW5/ 

EL86 

8CW5,  10CW5, 
15CW5,  15CW5/PL84 

Miniature  types  with  frame  grid  used  for  vertical-de¬ 
flection  amplifier  service  in  color  and  black-and-white 
television  receivers.  Outlines  section,  6G;  require  mini¬ 
ature  9-contact  socket.  Types  8CW5,  10CW5,  15CW5, 
and  15CW5/PL84  are  identical  with  types  6CW5  and 
6CW5/EL86  except  for  heater  ratings. 


Heater  Voltage  (ac/de) 

Heater  Current  . 

Heater  Warm-up  Time 
Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . 


6CW5 

6CW5/EL86  8CW5 
6.3  8 

0.76  0.6 


15CW5 

10CW5  15CW5/PL84 

10.6  15  volts 

0.45  0.3  ampere 

11  —  seconds 


±330  max  ±330  max  ±330  max  ±330  max  volts 
±220  max  ±220  max  ±220  max  ±220  max  volts 


Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . ; . 

Grid  No.l  to  Heater  . . . 

Grid  No.l  to  Cathode,  Heater,  Gi-id  No. 2,  and  Grid  No. 3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 


0.6  pF 

0.25  max  pF 

13  pF 

6.8  pF 


Class  Ax  or  Class  ABX  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  275  volts 

Plate  Supply  Voltage  . 600  volts 

Grid-No. 2  Voltage  .  .  . .  220  volts 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  .  600  volts 

Cathode  Current  .  110  mA 

Plate  Dissipation  .  14  watts 

Grid-No.  2  Input  .  2.1  watts 

Peak  Grid-No.  2  Input  .  7  watts 

CHARACTERISTICS 

Plate  Voltage  . 170  volts 

Grid-No. 2  Voltage  . 170  volts 

Grid-No.l  (Control-Grid)  Voltage  . —12.5  volts 

Mu  Factor  (Grid  No.2  to  Grid  No.l)  .  8 

Plate  Resistance  . •  -  26000  ohms 

Transconductance  . . 11000  /xmhos 

Plate  Current  . 70  mA 

Grid -No. 2  Current  . . 3.5  mA 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l -Circuit  Resistance  .  1  megohm 


Vertical-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Peak  Positive-Pulse  Plate  Voltage#  . . . 

Grid-No. 2  Voltage  .  .  . . . . . 

Peak  Negative-Pulse  Grid-No.l  Voltage  . . . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . .  . . 

Plate  Dissipation  .  .  . . 

Grid-No.  2  Input  . . . *  *  -  • 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . . 


275 

volts 

2200 

volts 

275 

volts 

—250 

volts 

240 

mA 

no 

mA 

12 

watts 

2.1 

watts 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  6%  of  a  vertical  scanning  cycle  (1.2  milliseconds),  ^ 
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6CX8  MEDIUM-MU  TRIODE— 

8CX8  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  television  receiver  applications. 
Pentode  unit  is  used  as  video  amplifier;  triode  unit  is 
used  in  sound  if-amplifier,  sweep-oscillator,  sync-sep¬ 
arator,  sync-amplifier,  and  sync-clipper  circuits.  Out¬ 
lines  section,  6E;  requires  miniature  9-contact  socket. 
Type  8CX8  is  identical  with  type  6CX8  except  for 
heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . . . . . 

Average  value  . . . 


6CX8 

8CX8 

6.3 

8 

volts 

0.75 

0.6 

ampere 

— 

11 

volts 

±200  max 

±200  max 

volts 

100  max 

100  max 

VOlt3 

Direct  Interelectrode  Capacitances: 

Triode  Unit: 

Grid  to  Plate  . . . .  4.4 

Grid  to  Cathode  and  Heater  .  2.2 

Plate  to  Cathode  and  Heater  . . .  0.38 

Pentode  Unit: 

Grid  No.l  to  Plate  . . . . . *  0.06 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3,  and 

Internal  Shield  . 9 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . 4.4 

Triode  Grid  to  Pentode  Plate  . . . . .  0.018  max 

Pentode  Grid  No.l  to  Triode  Plate  . .  0.005  max 

Pentode  Plate  to  Triode  Plate  . . .  0.17  max 


Class  A,  Amplifier 


pF 

p.F 

pF 


pF 

pF 


pF 

pF 

PE 

pF 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid-No.2  (Screen-Grid)  Voltage  . . . . 

Grid-No.2  Voltage  . . . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . . 

For  grid-No.  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . . 

Grid-No.2  Supply  Voltage  . .  . . . 

Cathode-Bias  Resistor  . . . . . 

Amplification  Factor  . . . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . ■ 

Plate  Current  .  .  . . . . . . 

Grid-No.2  Current  . -  •  ■  - 

Grid-No.l  (Voltage  Approx.)  for  plate  current  of 

100  fiA  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . . . 


Triode  Unit  Pentode  Unit 


330 

330 

volts 

— 

330 

volts 

, — , 

See  curve  page  96 

0 

0 

volts 

2 

5 

watts 

, _ 

1.1 

watts 

— 

See  curve  page  96 

150 

200 

volts 

__ 

125 

volts 

150 

68 

ohms 

40 

— 

8700 

70000 

ohms 

4600 

10000 

//mhos 

9.2 

24 

mA 

52 

mA 

. 

— 8.5 

volts 

0.5 

0.25 

megohm 

1 

1 

megohm 

6CY5 

2CY5,  3CY5,  4CY5 


SHARP-CUTOFF  TETRODE 


Miniature  type  used  as  rf  amplifier  in  vhf  tuners  of 
television  receivers.  Outlines  section,  5C;  requires 
miniature  7-contact  socket.  Types  2CY5,  3CY5,  and 
4CY5  are  identical  with  type  6CY5  except  for  heater 
ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . 
Peak  Heater-Cathode  Voltage  ..... 


2CY5 

3CY5 

4CY5 

6CY5 

volts 

2.4 

2.9 

4.5 

6.3 

0.6 

0.45 

0.3 

0.2 

ampere 

11 

11 

11 

— 

seconds 

±100  max 

±100  max 

±100  max 

±100  max 

volts 

Technical  Data 


Direct  Interelectrode  Capacitances  (Approx.) 

Grid-No.  1  to  Plate  . . . *  •  ■  . 

Grid-No.l  to  Cathode,  Heater,  Grid  No.2  and  Internal  Shield  . . 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield  - 

*  With  external  shield  connected  to  cathode. 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . 

Grid-No, 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . . . 

Cathode  Current  . . . * . 

Plate  Dissipation  . . >  • 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  90  volts  . . . . 

For  grid-No.2  voltages  between  90  and  180  volts  . 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid-No.2  Voltage  . ;  . . . . * . 

Grid-No.l  Voltage  . . . . 

Plate  Resistance  (Approx.)  . . . . . 

Transconductance  . 

Plate  Current  . . 

Grid-No.2  Current  . . . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  20  fiA  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . . . . . 
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0.03 

pF 

4.5 

pF 

3 

pF 

180 

volts 

180 

volts 

See  curve  page  96 

0 

volts 

20 

mA 

2 

watts 

0.5 

watt 

See  curve  page  96 

125 

volts 

80 

volts 

•— 1 

volt 

0.1 

megohm 

8000 

/nrnhos 

10 

mA 

1.6 

mA 

—6 

volts 

0.5 

megohm 

6CY  7 

DUAL  TRIODE  11CY7 

Miniature  type  used  as  combined  vertical  oscillator 
and  vertical-deflection  amplifier  in  television  receivers. 
Unit  No.l  is  used  as  a  blocking  oscillator  in  vertical- 
deflection  circuits,  and  unit  No.2  is  used  as  a  vertical- 
deflection  amplifier.  Outlines  section,  6E;  requires  mini¬ 
ature  9-contact  socket.  Type  11CY7  is  identical  with 
type  6CY7  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value  . . . 

Class  Ax  Amplifier 

CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid  Voltage  . . . . 


6CY7  11CY7 
6.3  11  volts 

0.75  0.45  ampere 

—  11  seconds 

±200  max  ±200  max  volts 

100  max  100  max  volts 


Unit  No.l  Unit  No.2 

250  150  volts 

- — 3  — *  volts 
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Cathode-Bias  Resistor  . . , . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . .  . . 

Plate  Current  . .  . . . 

Plate  Current  for  grid  voltage  of  — 30  volts  . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  (iA  ,  . 
Grid  Voltage  (Approx.)  for  plate  current  of  200  /iA  . 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . 

Peak  Positive-Pulse  Plate  Voltage#  . . 

Peak  Negative-Pulse  Grid  Voltage  . . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . 

Plate  Dissipation  . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance  . 


— 

620 

ohms 

68 

5 

52000 

920 

ohms 

1300 

5400 

fim  hos 

1.2 

30 

mA 

3.5 

mA 

— 5.5 

— 

volts 

— 40 

volts 

and  Amplifier 

-frame  system 

Unit  No.l 

Unit  No.2 

Oscillator 

Amplifier 

350 

350 

volts 

— 

1800 

volts 

—400 

—250 

volts 

— 

120 

mA 

— 

35 

mA 

1 

5.5 

watts 

2.2 

2.2f 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds), 
f  For  cathode-bias  operation. 


6CZ5 

5CZ5  BEAIVI  POWER  TUBE 

Miniature  type  used  as  a  vertical-deflection  amplifier  Gf 
in  high-efficiency  deflection  circuits  of  color  and  black-  ( 
and-white  television  receivers  and  in  the  audio  output  . 
stage  of  television  and  radio  receivers.  Outlines  sec-  n<t 
tion,  6G;  requires  miniature  9-contact  socket.  Type 
5CZ5  is  identical  with  type  6CZ5  except  for  heater 
ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 

Direct  Interelectrode  Capacitances : 
Grid  No.l  to  Plate  . 


Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.S  . 

Glass  At  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . 75 

Grid-No.2  Voltage  . 250 

Grid-No.  1  Voltage  . 0 

Plate  Resistance  . — 

Transconductance  . — 

Plate  Current  . . . . .  130® 

Grid-No.2  Current  . . .  1G* 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

100  fiA  . — 

Vertical-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Peak  Negative-Pulse  Grid-No.l  (Control-Grid)  Voltage  . 

Peak  Cathode  Current  . . . . 

Average  Cathode  Current  . 

Plate  Dissipation  . . . 

Grid-No.2  Input  . 

Bulb  Temperature  (At  hottest  point)  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . . . . . . 

For  cathode-bias  operation  . . 


5CZ3 

6CZ5 

4.7 

6.3 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

0.4  max 

pp 

3  . 

9 

pF 

6 

pF 

75 

260 

volts 

250 

250 

volts 

0 

—15 

volts 

— 

73000 

ohms 

— 

4800 

/imhos 

130® 

46 

mA 

16* 

4.6 

mA 

— 

—40 

volts 

megohm 

megohm 
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#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 

•  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Befer 

to 

chart 

at 

end 

of 

section. 

6D6 

Refer 

to 

chart 

at 

end 

of 

section. 

6D7 

Befer 

to 

chart 

at 

end 

of 

section. 

6D8G 

HIGH-MU  TRIPLE  TRIODE  6D10 

pTjDuodecar  type  used  in  oscillator-mixer,  grounded-grid 
1  amplifier,  and  automatic-frequency-control  circuits. 
gt?  Outlines  section,  8A;  requires  duodecar  12-contact 
socket.  Heater:  volts  (ac/dc),  6.3;  amperes,  0.45;  maxi¬ 
mum  heater-cathode  volts,  ±200  peak,  100  average. 

Class  A!  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values,  Each  Triode  Unit) 

Plate  Voltage  . . 

Grid  Voltage : 

Positive-bias  value  . . . . 

Negative-bias  value  . . 

Plate  Dissipation  . . . .  .  . . 

Total  Plate  Dissipation  (All  plates)  . . . 

CHARACTERISTICS  (Each  Triode  Unit) 

Plate  Voltage  . 

Grid  Voltage  . . . . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . 

Trans  conductance 

Plate  Current  . 

Grid  Voltage  (Approx.)  for  plate  current  of  20  jiA  . 


HALF-WAVE 
VACUUM  RECTIFIER 

Glass  octal  type  used  as  damper  tube  in  horizontal- 
deflection  circuits  of  television  receivers.  Outlines  sec¬ 
tion,  13D;  requires  octal  socket.  May  be  supplied  with 
pin  No.l  omitted.  Socket  terminals  1,  2,  4,  and  6  should 
not  be  used  as  tie  points.  This  tube,  like  other  power¬ 
handling  tubes,  should  be  adequately  ventilated.  Types 
12D4  and  17D4  are  identical  with  type  6DA4  except 
for  heater  ratings. 


330 

volts 

0 

volts 

— 50 

volts 

2 

watts 

6 

watts 

125 

volts 

—  1 

volts 

67 

13600 

ohms 

4200 

Jim  hos 

4.2 

mA 

— 4 

volts 

6DA4 

12D4,  17D4 

40  G 


6DA4 

12D4 

17D4 

Heater 

Voltage  (ac/dc)  . 

.  6.3 

12.6 

16.8 

volts 

Heater 

Current  . 

.  1.2 

0.6 

0.45 

amperes 

Heater 

Warm-up  Time  (Average)  . 

.  — 

11 

11 

seconds 

Damper  Service 


For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 


Peak  Inverse  Plate  Current#  .  4400 

Peak  Plate  Current  . . .  900 

Average  Plate  Current  . .  155 

Plate  Dissipation  . . . .  5.5 

Heater-Cathode  Voltage : 

Peak  value  . . .  -f-800  — 4400 

Average  value  . . .  -j-100  — 900 


volts 

mA 

mA 

watts 

volts 

volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 
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6  DBS 

12DB5  BEAM  POWER  TUBE 

Miniature  type  used  as  vertical-deflection-amplifier  k, 03* 
tube  in  television  receivers.  Outlines  section,  6F ;  re¬ 
quires  miniature  9-contact  socket.  Type  12DB5  is  iden¬ 
tical  with  type  6DB5  except  for  heater  ratings. 


^3 


9GR 


SDB5  12DB5 

Heater  Voltage  (ac/dc)  . .  6-3  12.6 

Heater  Current  .  1.2  0.6 

Heater  Warm-up  Time  (Average)  .  —  11 

Heater-Cathode  Voltage : 

Peak  value  . ±200  max  ±200  max 

Average  value  . . 100  max  100  max 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 300 

Grid-No.2  (Screen-Grid)  Voltage  . 150 

Plate  Dissipation  . . 10 

Grid-No.  2  Input  . .  1.25 

TYPICAL  OPERATION 

Plate  Supply  Voltage  . 200 

Grid-No.2  Supply  Voltage  . 125 

Cathode-Bias  Resistor  .  . .  180 

Peak  AF  Grid-No.l  Voltage  . .  . . . .  8.5 

Zero-Signal  Plate  Current  . .  46 

Maximum-Signal  Plate  Current  . 47 

Zero-Signal  Grid-No.2  Current  . . 2.2 

Maximum-Signal  Grid-No.2  Current  .  8.5 

Plate  Resistance  (Approx.)  . 28000 

Transeonductance  . 8000 

Load  Resistance  . 4000 

Total  Harmonic  Distortion  .  . . . .  10 

Maximum-Signal  Power  Output  .  3.8 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l  Circuit  Resistance: 

For  fixed-bias  operation  .  . . . . . .  0.1 

For  cathode-bias  operation  . 2.2 


volts 

ampere 

seconds 

volts 

volts 


volts 

volts 

watts 

watts 


volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 
ohms 
/imhos 
ohms 
per  cent 
watts 


megohm 

megohms 


Vertical-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . . . . 

Peak  Positive-Pulse  Plate  Voltage  (Absolute  Maximum)#  . 

DC  Grid-No.2  (Screen-Grid)  Voltage  . . 

Peak  Negative-Pulse  Grid-No.l  (Control-Grid)  Voltage  . . 

Peak  Cathode  Current  . . . . 

Average  Cathode  Current  . . . . 

Plate  Dissipation  . . . 

Grid-No.2  Input  . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance: 

For  fixed-bias  operation  . .  . . . . . 

For  cathode-bias  operation  . . 


300 

volts 

2000- 

volts 

150 

volts 

— 250 

volts 

200 

mA 

55 

mA 

10 

watts 

1.25 

watts 

0.1 

megohm 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 
«  Under  no  circumstances  should  this  absolute  maximum  value  be  exceeded. 


6DC6  S.HARP-CUTOFF  PENTODE 

Miniature  type  used  in  the  gain-controlled  picture  if 
stages  of  color  and  black-and-white  television  re¬ 
ceivers  and  as  an  rf  amplifier  in  the  tuners  of  such 
receivers.  Otulines  section,  5C;  requires  7-contact  mini¬ 
ature  socket. 


7  CM 


Technical  Data 
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Heater  Voltage  (ac/dc)  . 

Heater  Current  . . * . . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . . .  .  .  . . 

Grid  No.l  to  Cathode*  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.B,  and 
Internal  Shield  . . . . . .  . . 


6.3 

volte 

0.3 

ampere 

±200  max 

volts 

100  max 

volts 

0.02  max 

pF 

6.5 

pF 

2 

pF 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . .  . i..... 

Grid-No. 3  (Suppressor-Grid)  Voltage,  Positive  value  - 

Grid-No. 2  Supply  Voltage  . . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts  . . 


300  volts 

0  volts 

300  volts 

See  curve  page  96 
0  volts 

2  watts 

0.5  watt 

See  curve  page  96 


CHARACTERISTICS 

Plate  Supply  Voltage  . . .  ,  200  volts 

Grid  No.3  . . . . .  Connected  to  cathode  at  socket 

Grid-No.2  Supply  Voltage  . *60  volts 

Cathode-Bias  Resistor  . 180  ohms 

Plate  Resistance  (Approx.)  . 0.5  megohm 

Transconductance  . . 5500  #mhos 

Plate  Current  . . . . . . . .  £ 

Grid-No.2  Current  . . . . . . .  £ 

Grid-No.l  Voltage  (Approx.)  for  transconductance  of  50  /imhos  . .  — 12.5  volts 


MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance: 
For  fixed-bias  operation  . 
For  cathode-bias  operation 


0.25  megohm 

1.0  megohm 


2 

in 

£ 

a! 


25 

20 

15 

(0 

5 

0  100  200  300 

PLATE  VOLTS  92CS-6330T1 


TYPE  6DC6 
GRID-No.  3  VOLTS5 
GRID- No.2  VOLTS5 

=  0 
‘150 

IS 

■ 

■ 

p 

m, 

■ 

MB 

HI 

2 

n 

■ 

■ 

■ 

mm 

vm 

■■ 

■n 

— 

^2 

See  chart  at  end  of  section. 


6DC8 


9HE 


TWIN  DIODE — SEMIREMOTE- 
CUTOFF  PENTODE 


6DC8/ 

EBF89 


Miniature  type  used  as  rf-  and  if-amplifier  tube  in 
radio  and  television  receivers.  Outlines  section,  6E;  re¬ 
quires  9-contaet  socket. 


Heater  Voltage  (ac/dc)  .  6.3  volts 

Heater  Current  .  .  0.3  ampere 

Peak  Heater-Cathode  Voltage  . =L100  max  volts 
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Direct  Interelectrode  Capacitances : 

Pentode  Unit: 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  All  Other  Electrodes  Except  Plate  . 
Plate  to  All  Other  Electrodes  Except  Grid  No.l  . 

Grid  No.l  to  Heater  . 

Plate  of  Each  Diode  Unit  to  All  Other  Electrodes  . 
Plate  of  Diode  Unit  No.l  to  Plate  of  Diode  Unit  No.2 

Plate  of  Diode  Unit  No.l  to  Heater  . 

Plate  of  Diode  Unit  No.2  to  Heater  . 

Plate  of  Diode  Unit  No.l  to  Pentode  Grid  No.l 

Plate  of  Diode  Unit  No,2  to  Pentode  Grid  No.l  . 

Plate  of  Diode  Unit  No.l  to  Pentode  Plate  . 

Plate  of  Diode  Unit  No.2  to  Pentode  Plate  . 


0.0025  max 

pF 

5 

pF 

5.2 

pF 

0.05  max 

pF 

2.5 

pF 

0.25  max 

pF 

0.015  max 

pF 

0.003  max 

pF 

0.0008  max 

pF 

0.001  max 

pF 

0.15  max 

pF 

0.025  max 

pF 

Pentode  Unit  as  Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Supply  Voltage  . 550 

Plate  Voltage  . . . . . .  . .  300 

Grid-No. 2  Voltage : 

With  plate  current  greater  than  8  raA  .  125 

With  plate  current  less  than  4  mA  .  300 

Cathode  Current  .  10.5 

Plate  Dissipation  . 2.25 

Grid-No.  2  Input  . 0.45 


volts 

volts 

volts 

volts 

mA 

watts 

watts 


CHARACTERISTICS 

Plate  Voltage  . . 

Grid  No.3  . . . . . 

Grid-No.  2  Voltage  . . . . 

Grid-No.l  Voltage  . 

Mu  Factor,  Grid  No.2  to  Grid  No.l  . . 

Plate  Resistance  (Approx.)  . . .  . . . . 

Transconductance  . . . 

Plate  Current  . . . . 

Grid-No.2  Current  . 

Transconductance,  at  grid-No.1  voltage  of  — 20  volts 
MAXIMUM  CIRCUIT  VALUE 
Grid-No.l-Circuit  Resistance  . . . 


200 


250 


volts 


Connected  to  cathode  at  socket 


100 
- — 1.5 
20 
0.6 
4500 
11 
3.3 
120 


100 
— 2 
20 
1 

3800 

9 

2.7 

200 


volts 
volts 

megohm 

/anhos 

mA 

mA 

/imhos 


megohms 


Diode  Units  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage  . . . . 

Peak  Plate  Current  . . . . . 

Average  Plate  Current  . . 


volts 

raA 

mA 


6DE4  HALF-WAVE 

17DE4,  22DE4  VACUUM  RECTIFIER 

Glass  octal  type  used  as  damper  tube  in  horizontal- 
deflection  circuits  of  television  receivers.  Outlines  sec¬ 
tion,  13G;  requires  octal  socket.  Socket  terminals  1, 
2,  4,  and  6  should  not  be  used  as  tie  points.  This  tube, 
like  other  power-handling  tubes,  should  be  adequately 
ventilated.  Types  17DE4  and  22DE4  are  identical  with 
type  6DE4  except  for  heater  ratings. 


Heater  Voltage  (ae/dc)  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Plate  to  Cathode  and  Heater  . 

Cathode  to  Plate  and  Heater  . 

Heater  to  Cathode  . . . 


6DE4 

17DE4 

22DE4 

6.3 

17 

22.4 

volts 

1.6 

0.6 

0.45 

amperes 

•—* 

11 

11 

seconds 

8.5 

pF 

11.5 

pF 

4 

pF 

Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . . 

Peak  Plate  Current  . 

Average  Plate  Current  . . . . . 

Plate  Dissipation  . . . . . . 


volts 

mA 

mA 

watts 


Technical  Data 
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Heater-Cathode  Voltage : 

Peak  value  . . . . . .  -f 300  —5500  volts 

Average  value  . ■ .  -j-100  — 900  volts 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  350  mA  . , 34  volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  <10  microseconds). 


G» 

7CM 


6DE6 

SHARP-CUTOFF  PENTODE  4DE6 

Miniature  type  used  in  the  gain-controlled  picture  if 
stages  of  television  receivers  utilizing  an  intermediate 
frequency  in  the  order  of  40  MHz  and  as  an  rf  am¬ 
plifier  in  vhf  television  tuners.  Outlines  section,  5C;  re¬ 
quires  miniature  7-contact  socket.  Type  4DE6  is  iden¬ 
tical  with  type  ODE 6  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average)  ....... . 

Heater-Cathode  Voltage : 

Peak  value  . .  . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2, 

Grid  No. 3,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 
and  Internal  Shield  . 


4DE6 

6DE6 

4.2 

6.3 

volts 

0.45 

0.3 

ampere 

11 

— 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

nshielded 

Shielded* 

0.025  max 

0.015  max 

pF 

6.5 

6.5 

pF 

2 

3 

pF 

&  With  external  shield  connected  to  cathode. 


Glass  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No. 3  (Suppressor-Grid)  Voltage,  Positive  value  .  .  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.  2  Voltage  . 

Grid-No. 1  (Control-Grid)  Voltage,  Positive-bias  value  .  . 

Plate  Dissipation  . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . . 

For  grid-No.2  voltages  between  165  and  330  volts  .  . 


330  volts 

0  volts 

330  volts 

See  curve  page  96 
0  volts 

2.3  watts 

0.55  watt 

See  curve  page  96 


CHARACTERISTICS 

Plate  Supply  Voltage 

Grid  No.3  . . 

Grid-No.2  Supply  Voltage 
Cathode-Bias  Resistor 
Plate  Resistance  (Approx.) 
Transconductance  . 


.  125  volts 

Connected  to  cathode  at  socket 

.  125  volts 

.  56  ohms 

.  0.25  megohm 

......  8000  /tmhos 
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Transconductance  for  grid-No.l  volts  of  — 5.5  and  cathode  resistor 


of  0  ohms  . . . . . .  700  /imhos 

Plate  Current  . . . .  15.5  mA 

Grid-No. 2  Current  . . . .  4.2  mA 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  20  ft  A  . *  ■ — 0  volts 


6DE7  vJ&sr 

10DE7,  13DE7  DUAL  TRIODE 

Miniature  type  used  as  combined  vertical  oscillator  and  - "p 

vertical-deflection  amplifier  in  television  receivers.  ®v| T/C  y® 

Unit  No.l  is  used  as  a  blocking  oscillator  in  vertical-  °rz  KT| 

deflection  circuits,  and  unit  No. 2  is  used  as  a  vertical-  pt^  ^t2 
deflection  amplifier.  Outlines  section,  6E;  requires  mini-  9HF 

ature  9-contact  socket.  For  curve  of  average  plate  characteristics,  Unit 
No.2,  refer  to  type  6DR7.  Types  10DE7  and  13DE7  are  identical  with  type 
6DE7  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Gurrent  . . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage: 

Peak  value  . . 

Average  value  . 

Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  to  Plate  . . 

Grid  to  Cathode  and  Heater  .  . . . 

Plate  to  Cathode  and  Heater  . . 


CHARACTERISTICS 

Plate  Voltage  . ; ...... . 

Grid  Voltage  . . 

Amplification  Factor  ............ 

Plate  Resistance  (Approx.)  . 

Transeonductance  . . . 

Plate  Current  . . 

Plate  Current  for  grid  voltage  of 


6DE7  10DE7  13DE7 

6.8 

9,7 

13 

volts 

0.9 

0.6 

0.45 

ampere 

— 

11 

11 

seconds 

±200 

max  ±200  max  ±200  max 

volts 

100 

max  100  max  100  max 

volts 

Unit  No.l 

Unit  No.2 

4 

8.5 

pF 

2.2 

5.5 

pF 

0.52 

1 

pF 

liter 

Unit  No.l 

Unit  No.2 

250 

150 

volts 

—11 

—17.5 

volts 

17.5 

6 

8750 

925 

ohms 

2000 

6500 

jimhos 

5.5 

35 

mA 

— 

10 

mA 

A 

-—20 

_ —  . 

volts 

A 

— 

—44 

volts 

100  200  300 

PLATE  VOLTS 


400 

9ZCS—9989T 


Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  .. — . 

Peak  Negative-Pulse  Grid  Voltage  . 

Peak  Cathode  Current  . . 


Unit  No.l  Unit  No.2 
Oscillator  Amplifier 


Technical  Data 
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Average  Cathode  Current  . . . . 

22 

50 

mA 

Plate  Dissipation  .  . . 

1.5 

7 

watts 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance ; 

For  grid-resistor  bias  or  cathode-bias  operation 

2.2 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical 

scanning  cycle 

(2.5  milliseconds). 

7S 


BEAM  POWER  TUBE  6DG6GT 

Glass  octal  type  used  as  output  tube  in  audio-ampli¬ 
fier  applications  Outlines  section,  13D;  requires  octal 
socket.  This  type  may  be  supplied  with  pin  1  omitted. 


Heater  Voltage  (ac/dc)  . . . .  6.3  volts 

Heater  Current  . 1.2  amperes 

Heater -Cathode  Voltage : 

Peak  value  .  ±200  max  volts 

Average  value  . . 100  max  volts 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . . 0.6  pP 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  ....  15  pP 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . 10  pF 


Class  At  Audio-Frequency  Power  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 200 

Grid-No. 2  (Screen-Grid)  Voltage  .  125 

Plate  Dissipation  .  10 

Grid-No.2  Input  .  1.25 

TYPICAL  OPERATION 

Plate  Supply  Voltage  .  110  200 

Grid-No.2  Supply  Voltage  . .. ..  110  125 

Grid-No.l  (Control-Grid)  Supply  Voltage  . .  - — 7.5  — 

Peak  AF  Grid-No.l  Voltage  .  7.5  8.5 

Cathode-Bias  Resistor  . .  —  180 

Zero-Signal  Plate  Current  . 49  46 

Maximum-Signal  Plate  Current  .  50  47 

Zero-Signal  Grid-No.2  Current  .  .  . . 4  2.2 

Maximum-Signal  Grid-No.2  Current  . 10  8.5 

Plate  Resistance  (Approx.)  . .  13000  28000 

Transconductance  . 8000  8000 

Load  Resistance  .  2000  4000 

Total  Harmonic  Distortion  .  10  10 

Maximum-Signal  Power  Output  .  2.1  3.8 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  .  0.1 

For  cathode-bias  operation  . 0.5 


volts 

volts 

watts 

watts 


volts 
volts 
volts 
volts 
ohms 
mA 
mA 
mA 
mA 
ohms 
jttmhos 
ohms 
per  cent 
watts 


megohm 

megohm 


7CM 


6DK6 

SHARP-CUTOFF  PENTODE  3D&6,  4DK6,  12DK6 
Miniature  type  used  as  if-amplifier  tube  in  color  and 
black-and-white  television  receivers.  Outlines  section, 
5C;  requires  miniature  7-contact  socket.  Types  3DK6, 
4DK6,  and  12DK6  are  identical  with  type  6DK6  except 
for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid 

Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2, 
Internal  Shield  . . 


3DK6 

4DK6 

6DK6 

12DK6 

3.15 

4.2 

6.3 

12.6 

volts 

0.6 

0.45 

0.3 

0.15 

ampere 

11 

11 

— 

—  seconds 

f  4-200  max 
| — 300  max 

±200  max 

±200  max  ±200  max 

volts 

100  max 

100  max 

100  max  100  max 

volts 

0.025  max 

pF 

No.2,  Grid 

No.3  and 

6.3 

pF 

Grid  No.3  , 

,and 

. . . . 

1.9 

. PF 
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Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . *  ■  ■  .  . . . . 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . ; . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . . . . 

Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . . . 

For  grid-No.2  voltages  between  165  and  330  volts  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . '  •  ■ . . . .  , 

Grid  No.3  . .  Connected 

Grid-No.2  Supply  Voltage  . 

Cathode-Bias  Resistor  . . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . 

Plate  Current  . 

Grid-No.2  Current  . . . .  . . ■  ■  ■  ■  •  •  •  •  -  ■  . . 

Grid-No. 1.  Voltage  (Approx.)  for  plate  current  of  20  fi A  . 


330  volts 

0  volts 

330  volts 

See  curve  page  96 
0  volts 

2.3  watts 

0.55  watt 

See  curve  page  96 

125  volts 

to  cathode  at  socket 

125  volts 

56  ohms 

0.35  megohm 

9800  iimhos 

12  mA 

3.8  mA 

— 6.5  volts 


TYPE  SDKS 

GRID  No.3  AND  INTERNAL  SHIELD  CONNECTED 

TO  CATHODE  AT  SOCKET.  - - - , - 

GRID- No.  2  VOLTS  =  125  ;  I 


GRID-No.  I  VOLTS  EC|=0 


warn 


-3.5 

200  400  600 

PLATE  VOLTS  92CS-985IT1 


6DL5  POWER  PENTODE 

Miniature  type  used  in  audio  output  applications,  in 
automobile  radios.  Outlines  section,  5E;  requires  mini¬ 
ature  9-contact  socket.  Heater:  volts  6.3;  amperes 
0.2;  maximum  beater-cathode  volts,  ±100. 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . - . •  •  • . . . 

Plate  Voltage  . ••••■; . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . . 

Cathode  Current  . 

Plate  Dissipatioti  . . 

Grid-No.2  Input  . . . 


TYPICAL  OPERATION 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

RMS  AF  Grid-No.  1  (Control-Grid)  Voltage 
Cathode-Bias  Resistor  . 


200 

200 

4.5 

230 


Plate  Current . 

Grid-No.2  Current  . 

Load  Resistance  . 

Total  Harmonic  Distortion 
Power  Output  . 


4.2 
8000 

12 

2.3 


MAXIMUM  CIRCUIT  VALUE  _  .. 

Grid-No.  1-Circuit  Resistance,  for  cathode-bias  operation 


G| 

70Q 


550 

volts 

300 

volts 

550 

volts 

300 

volts 

35 

mA 

2.5 

watts 

6 

watts 

250 

volts 

250 

volts 

5 

volts 

320 

ohms 

24 

mA 

4.5 

mA 

10000 

ohms 

12 

per  cent 

3.0 

watts 

2 

megohms 

Technical  Data 
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See  chart  at  end  of  section. 


6DM4 


4CG 


HALF-WAVE  6DM4A 

VACUUM  RECTIFIER  12DM4A,  17DM4A 

Glass  octal  type  used  as  damper  tube  in  horizontal- 
deflection  circuits  of  television  receivers.  Outlines  sec¬ 
tion,  13G;  requires  octal  socket.  Socket  terminals  1,  2, 
4,  and  6  should  not  be  used  as  tie  points.  This  tube, 
like  other  power-handling  tubes,  should  be  adequately 
ventilated.  Types  12DM4A  and  17DM4A  are  identical 
with  type  6DM4A  except  for  heater  ratings. 


Heater  Voltage  (ac/de)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 


6DM4A  12DM4A  17BM4A 
6.3  12.6  16.8 

1.2  0.6  0.45 

11  11 


volts 

amperes 

seconds 


Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . 5000  volts 

Peak  Plate  Current  .  1200  mA 

Average  Plate  Current  .  200  mA 

Plate  Dissipation  .  .  6.5  watts 

Heater-Cathode  Voltage : 

Peak  value  . . .  4-300  — 5000  volts 

Average  value  . . .  -f-100  — 900  volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


See  chart  at  end  of  section. 


6BN6 


8BD 


MEDIUM-MU  DUAL  TRI0DE  6DN7 

Glass  octal  type  used  as  combined  vertical-deflection- 
oscillator  and  vertical-deflection-amplifier  tube  in  tele¬ 
vision  receivers.  Outlines  section,  13B;  requires  octal 
socket.  Heater:  volts  (ac/dc),  6.3;  amperes,  0.9;  maxi¬ 
mum  heater-cathode  volts,  ±200  peak,  100  average. 


Class  Aj  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid  Voltage  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . . . 

Transconductance  . 

Plate  Current  . . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  fiA  .  . 
Grid  Voltage  (Approx.)  for  plate  current  of  50  juA  . . 


Unit  No.l 

Unit  No.2 

250 

250 

volts 

—8 

—9.5 

volts 

22.5 

16.4 

9000 

2000 

ohms 

2500 

7700 

^mhos 

8 

41 

mA 

—18 

— 

volts 

— - 

—23 

volts 

Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-liney  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Peak  Negative-Pulse  Grid  Voltage  . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . 

Plate  Dissipation  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical 


Unit  No.l 
Oscillator 
350 

Unit  No.2 
Amplifier 

550 

volts 

— . 

2500 

volts 

—400 

—250 

mA 

— 

150 

mA 

• — 

50 

mA 

1 

10 

watts 

2.2  2.2 

megohms 

2,2  — 

megohms 

scanning  cycle  (2.5  milliseconds). 
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HALF-WAVE 
VACUUM  RECTIFIER 

Glass  octal  type  used  as  damper  tube  in  horizontal- 
deflection  circuits  of  television  receivers.  Outlines  sec¬ 
tion,  13F;  requires  octal  socket.  Socket  terminals  1, 
2,  4,  and  8  should  not  be  used  as  tie  points.  Heater: 
volts  (ac/dc),  6.3;  amperes,  1.2. 


Damper  Service 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . .  . . . . 

Peak  Plate  Current  . . . 

Average  Plate  Current  . . . 

Plate  Dissipation  . . . . *  * . . 

Heater-Cathode  Voltage: 

Peak  value  . . . . . 

Average  value  . . . .  . . .  +100 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  250  mA  . 


5500 

volts 

1000 

mA 

175 

mA 

6 

watts 

—5500 

volts 

—900 

volts 

32 

volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


6DQ5  BEAM  POWER  TUBE 

Glass  octal  type  used  as  horizontal-deflection  ampli¬ 
fier  in  color  and  black-and-white  television  receivers. 
Outlines  section,  21B;  requires  octal  socket. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . 

Heater-Cathode  Voltage: 

Peak  value  . .  . . . . . ;  ■  •  ■  • 

Average  value  . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . . . •  •  -  ■  • 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.B 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . .  . 


6.8 

2.5 

±200  max 
100  max 


0.5 

28 

11 


Class  Ax  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . 

Grid  No.2  (Screen-Grid)  Voltage  . 

Grid  No.l  (Control-Grid)  Voltage  . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  . . . 

Grid-No.2  Current  . • . . 

Grid-No. 1  Voltage  (Approx.)  for  plate  mA  —  1  . 


Pentode 
Connection 
70  175 

125  125 

0  —25 

—  5500 

—  10500 

550*  110 

42*  5 

—  —55 


Triode® 

Connection 

125 

—25 

8.3 


volts 

amperes 

volts 

volts 


pF 

pF 

pF 


volts 

volts 

volts 

ohms 

/imhos 

mA 

mA 

volts 


•  Grid  No.2  connected  to  plate. 

*  These  values  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . . . 

Peak  Positive-Pulse  Plate  Voltage#  . . 

Peak  Negative-Pulse  Plate  Voltage  ... . . . 

DC  Grid-No.2  (Screen-Grid)  Voltage  . . . . 

Peak  Negative-Pulse  Grid-No.  1  (Control-Grid)  Voltage  . 

Peak  Cathode  Current  . . *  ■  • . 

Average  Cathode  Current  . . 

Grid -No.2  Input  . . . . . 


990 

volts 

6500 

volts 

—1100 

volts 

190 

volts 

—250 

volts 

1100 

mA 

315 

mA 

3.2 

watts 

PLATE (Ife)  M1LLIAMPERES 


Technical  Data 
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Plate  Dissipation*  .  24  wa^ 

Bulb  Temperature  (At  hottest  point)  . .  *  220  ^ 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1  -Circuit  Resistance,  For  grid- resistor-bias  operation  ....  0.47  megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 
»  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


Refer  to  chart  at  end  of  section.  6DQ6A 


6AM 


6DQ6B 

BEAM  POWER  TUBE  12DQ6B,  I7DQ6B 

Glass  octal  type  used  as  horizontal-defleetion-ainpiifier 
tube  in  high-efficiency  deflection  circuits  of  color  and 
black-and-white  television  receivers.  Outlines  section, 
20;  requires  octal  socket.  This  type  may  be  supplied 
with  pin  1  omitted.  Types  12DQ6B  and  17DQ6B  are 
identical  with  type  6DQ6B  except  for  the  heater 
ratings. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage  : 

Peak  value  . . . . 

Average  value  . .  .  .  .  . . 

Direct  Interelectrode  Capacitances  (Approx.) 

Grid  No.l  to  Plate  .  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2, 
Plate  to  Cathode,  Heater,  Grid  No.2,  and 


6DQ6B 

6.3 

12DQ6B 

12.6 

17DQ6B 

16.8 

volts 

1.2 

0.6 

0.45 

ampere 

— 

11 

11 

seconds 

±200  max 

±200  max 

±200  max 

volts 

100  max 

100  max 

100  max 

volts 

0.5 

pF 

jlrid  No.3  . 

15 

pF 

No.3  ...  .. 

.  . . . . 

7 

pF 

Class  Ax  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . . .  60 

Grid-No.2  Voltage  . . . .  150 

Grid-No.l  Voltage  . . .  0 

Plate  Resistance  (Approx.)  .  — 

Transconductance  . .  . . .  — - 

Plate  Current  . . 345° 

Grid-No.2  Current  . 27° 

Grid-No.l  Voltage  (Approx.)  for 

grid-No.2  volts  =  150,  plate  mA  =  1, 

plate  volts  =  250  . .  — 

plate  volts  =  5000  . .  ..  — 


250 

150 

—22.5 

18000 

7300 

65 

1.8 


—42 

—100 


volts 
volts 
volts 
ohms 
/imho  s 
mA 
mA 


volts 

volts 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate-Supply  Voltage  .  770  volts 

Peak  Positive-Pulse  Plate  Voltage#  .  6500  volts 

Peak  Negative- Pulse  Plate  Voltage  . —1500  volts 
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DC  Grld-No.2  (Screen-Grid)  Voltage  . 

Peak  Negative-Pulse  Grid-No.-l  Voltage  . 

Peak  Cathode  Current  . . . 

Average  Cathode  Current  . . . . 

Grid-No.2  Input  . . . . . 

Plate  Dissipation*  . 

Bulb  Temperature  (At  hottest  point)  . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No,  1-Circuit  Resistance  for  grid-resistor-bias  operation 


6DR7 

10DR7,  13DR7  DUAL  TRiODE 

Miniature  type  containing  high-mu  and  low-mu 
triodes;  used  as  combined  vertical-deflection-oscillator 
and  vertical-deflection-amplifier  tube  in  television  re¬ 
ceivers.  Outlines  section,  6E;  requires  miniature  9-con¬ 
tact  socket.  Types  10DR7  and  13DR7  are  identical  with 
type  6DR7  except  for  heater  ratings. 


i  Tube 

Manual 

220 

volts 

— 330 

volts 

610 

mA 

175 

mA 

3.6 

watts 

18 

watts 

220 

°C 

1 

megohm 

ycle  (10 

microseconds). 

i  absence 

of  excitation. 

/-nH 

H© 

a.  .rfV^Ti 

CT2^ 

Heater  Voltage  (ac/dc)  .  .  . . . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . . . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  to  Plate  . . . . 

Grid  to  Cathode  and  Heater  . . 

Plate  to  Cathode  and  Heater  . 


6DR7 

6.3 

0.9 


10DR7 

9.7 

0.6 

11 


9HF 

13DR7 

13 

0.45 

11 


±200  max 
100  max 

Unit  No.l 
4.5 
2.2 
0.34 


±200  max  ±200  max 
100  max  100  max 


Class  Ai  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . , . 

Grid  Voltage  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . .  .  . 

Transconductance  . 

Plate  Current  . 

Plate  Current  for  grid  voltage  of 
Grid  Voltage  (Approx.) 

Grid  Voltage  (Approx.) 


Unit  No.l 

250 


40000 

1600 

1.4 


24  volts  . 

for  plate  current  of  10  juA 
for  plate  current  of  50  n A 


Unit  No.2 

8.5 

5.5 
1 


Unit  No.2 
150 
—17.5 
6 

925 

6500 

35 

10 


-5.5 


~44 


volts 

ampere 

seconds 

volts 
volts 

pF 
pF 
pF 


volts 

volts 

ohms 
p.m  hos 
mA 
mA 
volts 
volts 


Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . 330  275  volts 

Peak  Positive-Pulse  Plate  Voltage#  .  —  1500  vol^ 

Peak  Negative-Pulse  Grid  Voltage  . . .  — 400  — 250  volts 


Technical  Data 


Peak  Cathode  Current  . 

Average  Cathode  Current  . 

Plate  Dissipation.  . . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance : 

For  grid-resistance-bias  or  cathode-bias  operation 
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70  175  mA 

20  50  mA 

1  7  watts 

2.2  2.2  megohms 


#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


>  =  PIN  CUT  OFF 

12AQ 


6DS4 

HIGH-MU  TRIODE  2DS4 

Nuvistor  type  used  as  grounded-cathode,  neutralized 
rf  amplifier  in  vhf  tuners  of  color  and  black-and-white 
television  and  FM  receivers.  Outlines  section,  1;  re¬ 
quires  nuvistor  socket.  Type  2D34  is  identical  with 
type  6DS4  except  for  heater  ratings. 


2DS4 

Heater  Voltage  (ac/de)  . 2.1 

Heater  Current  . 0.45 

Heater  Warm-up  Time  (Average)  . . .  8 

Peak  Heater-Cathode  Voltage  . ±100  max 


Direct  Interelectrode  Capacitances  (Approx.) 

Grid  to  Plate  .  . . . . . 

Grid  to  Cathode,  Heater,  and  Shell  . 

Plate  to  Cathode,  Heater,  and  Shell  . . 

Plate  to  Cathode  . 

Heater  to  Cathode  . . . . . . 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . . . 

Plate  Voltage  . . 

Grid  Voltage,  Negative-bias  value  . 

Grid  Voltage,  Peak  positive  value  .  . . 

Cathode  Current  . 

Plate  Dissipation  . ;  . . . . . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . . . 

Grid  Supply  Voltage  . . . . 

Cathode-Bias  Resistor  . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . 

Plate  Current  . 

Grid  Voltage  (Approx.)  for  plate  current  of  100  ii A 
Grid  Voltage  (Approx.)  for  plate  current  of  10  fiA  .... 


6DSA 

6.3 

1.35 

±100  max 


0.92 

4.3 

1.8 

0.18 

1.6 


300° 

135 

-55 

0 

15 

1.5 


110 
0 
130 
63 
7000 
9000 
6.5 
— 5 
— 6.8 


volts 

amperes 

seconds 

volts 


PF 

PF 

pF 

pF 

PF 


volts 

volts 

volts 

volts 

mA 

watt 


volts 

volts 

ohms 

ohms 

/imhos 

mA 

volts 

volts 
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TYPICAL  OPERATION! 

Plate  Voltage  . 

Grid  Supply  Voltage . 

Grid  Resistor  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  .  . 

Transconductance  . . . . 

Plate  Current  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance:" 

For  fixed-bias  operation  . 
For  cathode-bias  operation 


70 

volts 

0 

volts 

47000 

ohms 

68 

5440 

ohms 

12500 

li  mhos 

7 

mA 

0.5 

megohm 

2.2 

megohm 

°  A  plate  supply  voltage  of  300  volts  may  be  used  provided  a  sufficiently  large  resistor  is  used 
in  the  plate  circuit  to  limit  the  plate  dissipation  to  1.5  watts  under  any  condition  of  operation. 
■  For  operation  at  metal-shell  temperatures  up  to  125°C; 


6DS5  BEAM  POWER  TUBE 

Miniature  type  used  in  the  audio  output  stages  of  tele¬ 
vision  and  radio  receivers.  Outlines  section,  5D;  re¬ 
quires  miniature  7-contaet  socket. 

Heater  Voltage  (ac/dc)  . . . . 

Heater  Current  . . . 

Peak  Heater-Cathode  Voltage  . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No. I  to  Plate  .  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 . 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . . 

Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid-No. 2  (Screen-Grid)  Voltage  . . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  . 

Plate  Dissipation  . 

Grid-No.2  Input  . . . . 

Bulb  Temperature  (At  hottest  point)  . .  - 


7BZ 


6.3 

0.8 

:±200  max 

0.19 

9.5 

6.3 


volts 

ampere 

volts 

pF 

pF 

PF 


275  volts 

275  volts 

0  volts 

9  watts 

2.2  watts 

250  "C 


TYPICAL  OPERATION  AND 
CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . 

Peak  AF  Grid-No.  1  Voltage  . . 

Zero-Signal  Plate  Current  .  ... 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current 
Maximum-Signal  Grid-No.2  Current  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 


Cathode-Bias  Fixed-Bias 

Operation  Operation 


200 

200 

200 

250 

volts 

200 

250 

200 

200 

volts 

_ 

—7.5 

—8.5 

180 

270 

— 

ohms 

7.5 

9.2 

7.5 

8.5 

volts 

34.5 

27 

35 

29 

mA 

32.5 

25 

36 

32 

mA 

3.5 

3 

3 

3 

mA 

9 

9 

9 

10 

mA 

28000 

28000 

28000 

28000 

ohms 

6000 

5800 

6000 

5800 

/imhos 
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Load  Resistance  . 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output 
MAXIMUM  CIRCUIT  VALUES 
Grid-No. 1-Circuit  Resistance : 

For  fixed-bias  operation  .  .  . 
For  cathode-bias  operation  , 
H 


Cathode-Bias 

Operation 


Fixed-Baas 

Operation 


6000 

8000 

6000 

8000 

ohms 

10 

10 

9 

10 

per  cent 

2.8 

3.6 

3 

3.8 

watts 

0.1 

megohm 

1.0 

megohm 

6DT5 


BEAM  POWER  TUBE  12DT5 

Miniature  type  used  as  a  vertical-deflection-amplifier 
tube  in  television  receivers  employing  110-degree  pic¬ 
ture-tube  systems.  Outlines  section,  6E;  requires 
miniature  9-contact  socket.  Type  12DT5  is  identical 
with  type  6DT5  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . . 


CHARACTERISTICS 

Plate  Voltage  .  60  80  250  volts 

Grid-No.  2  Voltage  .  150  250  250  volts 

Grid-No.l  Voltage  . .  0  0  — 16.5  volts 

Transconductance  .  —  —  6200  jttmhos 

Plate  Current  .  95*  195*  44  mA 

Grid-No.2  Current  .  8.5*  19*  1.5  mA 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  100  mA  . .  —  —  — 35  volts 

•  These  values  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


6DT5 

12DT5 

6.3 

12.6 

volts 

1.2 

0.6 

amprees 

— 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

r 

100  max 

volts 

60 

80 

250 

volts 

150 

250 

250 

volts 

0 

0 

—16.5 

volts 

— 

— 

6200 

jtmhos 

95* 

195* 

44 

mA 

8.5* 

19* 

1.5 

mA 

— 

— . 

— 35 

volts 

Vertical-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 315  volts 

Peak  Positive-Pulse  Plate  Voltage#  . 2200  volts 

Grid-No.2  (Screen-Grid)  Voltage  .  285  volts 

Peak  Negative-Pulse  Grid-No.l  (Control-Grid)  Voltage  . .  — 250  volts 

Peak  Cathode  Current  . 190  mA 

Average  Cathode  Current  . i .  55  mA 

Plate  Dissipation  . .  9  watts 

Grid-No.2  Input  . 2  watts 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . 0.5  megohm 

For  cathode-bias  operation  . 1  megohm 


#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


Refer  to  chart  at  end  of  section. 


6DT6 


7EN 


6DT6A 

SHARP-CUTOFF  PENTODE  3BT6A,  4DT6A 
Miniature  type  used  as  FM  detector  in  color  and  black- 
and-white  television  receivers.  Outlines  section,  5C; 
requires  miniature  7-contact  socket.  Types  3DT6A  and 
4DT6A  are  identical  with  type  6DT6A  except  for 
heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value  . . . . . . . 


3DT6A  4DT6A  6DT6A 
3.15  4.2  6.3  volts 

0.6  0.45  0.3  ampere 

11  11  —  seconds 

±200  max  ±200  max  ±200  max  volts 

100  max  100  max  100  max  volts 


236 


RCA  Receiving  Tube  Manual 


Direct  Interelectrode  Capacitances  (Approx.  )* 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . 

Grid  No.3  to  Plate  . 

Grid  No.l  to  Grid  No.3  . . •  . . 

Grid  No.3  to  Cathode,  Heater,  Grid  No.l,  Grid  No.2,  and 
Internal  Shield  . . 

*  External  shield  connected  to  cathode. 


pF 

pF 

pF 

pF 

pF 


Class  Ai  Amplifier 


CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid  No.3  (Suppressor  Grid)  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Cathode-Bias  Resistor  . . . 

Plate  Resistance  (Approx.)  . 

Transconductance,  Grid  No.l  to  Plate  .  . . . 

Transconductance,  Grid  No.3  to  Plate  ,  .  . . 

Plate  Current  . . 

Grid-No. 2  Current  . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  10  fiA 
Grid-No. 3  Voltage  (Approx.)  for  plate  current  of  10  fiA 


.  150 

Connected  to  cathode 

.  100 

.  560 

.  0.15 

.  1350 

. .  515 

.  1.55 

1.8 

.  —5.2 

.  —4.2 


volts 
at  socket 
volts 
ohms 
megohm 
/tm  hos 
/tmhos 
mA 
mA 
volts 
volts 


FM  Detector 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No.3  Voltage  . 

Grid-No.2  Supply  Voltage  . 

Grid~No.2  Voltage  . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  166  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 
MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . 


330  volts 

28  volts 

330  volts 

See  curve  page  96 
0  volts 

1.7  watts 

1.1  watts 

See  curve  page  96 


0.25  megohm 

0.5  megohm 


12BT8 


HIGH-MU  TW!N  TRIODE 


Miniature  type  used  in  radio  and  television  receiver 
applications  and  in  push-pull  rf  amplifiers  or  as  fre¬ 
quency  converter  in  FM  tuners.  Outlines  section,  6B; 
requires  miniature  9-contact  socket.  Type  12DT8  is 
identical  with  type  6DT8  except  for  the  heater  ratings. 
Except  for  heater  and  heater-cathode  ratings,  inter¬ 
electrode  capacitances,  and  basing  arrangement,  these 
types  are  identical  with  miniature  type  12 AT  7. 


6DT8 

Heater  Voltage  (ac/dc)  . . . . . .  Jj.3 

Heater  Current  . .  •  •  •  0,d 

Heater-Cathode  Voltage:  .  OAA 

Peak  value  .  ±200  max 

Average  value  .  ^  *00  max 

Direct  Interelectrode  Capacitances  (Approx.,  Each  Unit  Except  as 
Noted : 

Grid  to  Plate  . . ■ . .  ■  ■ •• ;  . . 

Grid  to  Cathode,  Heater,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  and  Internal  Shield  . . . 

Heater  to  Cathode  . ■  „■  •  •*; ■  •  ■ •  *  •  ■ . 

Cathode  to  Grid,  Heater,  and  Internal  Shield  (Unit  No.2)  - 

Plate  to  Grid,  Heater,  and  Internal  Shield  (Unit  No.2)  . 


12DT8 

12.6 

volts 

0.15 

ampere 

±200  max 

volts 

100  max 

volts 

1.6* 

pF 

2.7* 

pF 

1.6* 

pF 

3« 

pF 

5.3f 

pF 

2.8f 

PF 

t  With  external  shield  connected  to  grid  of  unit  under  test. 

•  With  external  shield  connected  to  ground. 

*  With  external  shield  connected  to  cathode  of  unit  under  test. 
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P 


INDEX  *  LARGE  LUG 
*  *  SHORT  PIN 


12EA 


HIGH  MU  TRIODE  6DV4 

2DV4 

Nuvistor  type  used  at  frequencies  up  to  1000  MHz  in 
uhf  oscillator  stages  of  color  and  black-and-white  tele¬ 
vision  receivers.  Outlines  section,  1 ;  requires  nuvistor 
socket.  Type  2DY4  is  identical  with  type  6DY4  except 
for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Peak  Heater-Cathode  Voltage  .  .  . 


2DV4  6DV4 
2.1  6.3  volts 

0.45  0.135  ampere 

8  —  seconds 

±100  max  ±100  max  volts 


Direct  Interelectrode  Capacitance  (Approx.)  : 

Grid  to  Plate  . : . 

Grid  to  Cathode,  Heater,  and  Shell  . 

Plate  to  Cathode,  Heater,  and  Shell  .... 

Plate  to  Cathode  . 

Heater  to  Cathode . . 

Grid  to  Cathode  . 


1.8 

pF 

4.4 

pF 

1.9 

pF 

pF 

0.25 

1.4 

pF 

3.7 

PF 

Class  Ax  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . 800 

Plate  Voltage  . 125 

Grid  Voltage : 

Negative-bias  value  . .  — 55 

Peak  positive  value  . 2 

Plate  Dissipation  .  1 

Cathode  Current  . 15 

CHARACTERISTICS 

Plate  Supply  Voltage  .  75 

Cathode-Bias  Resistor  .  100 

Amplification  Factor  .  .  . . 35 

Plate  Resistance  (Approx.)  .  3100 

Transconductance  . . 11500 

Plate  Current  . 10.5 

Grid  Voltage  (Approx.)  for  plate  current  of  10  fiA  .  — 7 


volts 

volts 

volts 

volts 

watt 

mA 


volts 

ohms 

ohms 

/xmhos 

mA 

volts 


PLATE  VOLTS  92cs-ii73!T 


TYPICAL  OPERATION  AS  OSCILLATOR  AT  950  MHz 

Plate  Voltage  . . 

Grid  Voltage  . . . . 

Grid  Resistor  . . . 

Plate  Current  .  .  .  . . 

Grid  Current  .  . . 


60 

volts 

- 2 

volts 

5600 

ohms 

8 

mA 

350 

li  A 
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0.1 

0.2 


megohm 

megohm 


MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance:0 

For  fixed-bias  operation  .. . . . 

For  cathode-bias  operation  . . 

•  For  operation  at  metal-shell  temperatures  up  to  135°C, 

6DW4 

JLTWklAB  HALF-WAVE 

6DW4B  VACUUM  RECTIFIER 

Novar  types  used  as  damper  tubes  in  horizontal-deflec¬ 
tion  circuits  of  color  and  black-and-white  television 
receivers.  Outlines  section,  11D  and  30B,  respectively; 
require  novar  9-contact  socket.  Socket  terminals  1,  3, 

6,  and  8  should  not  be  used  as  tie  points;  it  is  recom¬ 
mended  that  socket  clips  for  these  pins  be  removed  to  reduce  the  possibility 
of  arc-over  and  to  minimize  leakage.  These  tubes,  like  other  power-handling 
tubes,  should  be  adequately  ventilated. 

Heater  Voltage  (ac/dc)  . . 

Heater  Current  . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

mate  to  Cathode  and  Heater  . 

Cathode  to  Plate  and  Heater  . 

Heater  to  Cathode  . .  . . . . 


Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  (6DW4)  . . . 

Peak  Inverse  Plate  Voltage#  (6DW4B)  .  .  .  . . 

Peak  Plate  Current  . 

Average  Plate  Current  . . . . . 

Plate  Dissipation  . 

Heater-Cathode  Voltage : 

Peak  value  . . .  j 

Average  value  .  ■  * .  +100 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  350  mA  . ; . . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle 

6DW5  See  chart  at  end  of 


6DX8 

6DX8/ 

ECL84 


HIGH-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


6.3 

volts 

1.2 

amperes 

6.5 

pF 

9 

pF 

2.8 

pF 

5000 

volts 

5500 

volts 

1300 

mA 

250 

mA 

8.5 

watts 

—5000 

volts 

—900 

volts 

25 

volts 

(10  microseconds). 

section. 

H 

H 

®  /-fp 

Kp 

J/fe 

( 1 

"‘“-—•"'To) 

Or 

G2p 

100X8 

100X8/ LCL84 

Miniature  type  used  in  color  and  black-and-white  tele-  9HX 

vision-receiver  applications.  The  triode  unit  is  used  as 
a  sync-separator,  sync-amplifier,  keyed-age,  or  noise- 
suppressor  tube.  The  pentode  unit  is  used  as  a  video-output  tube.  Outlines 
section,  6E;  requires  miniature  9-contact  socket.  Type  10DX8  is  identical 
with  type  6DX8  except  for  heater  ratings. 


6DX8  10DX8 

6DX8/ECL84  10DX8/LCL84 
6.3  10.2 

0.72  0.45 

±200  max  ±200  max 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . . . 

Peak  Heater-Cathode  Voltage  . . . 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values)  Triode  Unit  Pentode  Unit 

Plate  Supply  Voltage  . .  550  650 

Peak  Plate  Voltage,  with  maximum  plate  current  of 

0.1  mA  .  600 


volts 

ampere 

volts 


volts 

volts 
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Plate  Voltage  . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage 

Grid-No.  2  Voltage  . . 

Cathode  Current  . 

Plate  Dissipation  . . . . 

Grid-No.2  Input  . . 

CHARACTERISTICS 

Plate  Voltage  .  . . 

Grid-No.2  Voltage  . 

Grid  No.l  Voltage  . . 

Amplification  Factor  . 

Mu-Factor,  Grid-No.2  to  Grid-No.  1  .... 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . 

Plate  Current  . . . 

Grid-No.2  Current  . . 

MAXIMUM  CIRCUIT  VALUES 

Crid-No.l-  Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


300  300  volts 

’ .  —  550  volts 

1  ]  — .  300  volts 

.  12  40  mA 

1  4  watts 

!*!!!.!!....  — •  ■  1.7  watts 

Triode  Unit  Pentode  Unit 


200 

170 

200 

220 

volts 

170 

200 

220 

volts 

— 1.7 

—2.1 

—2.9 

—3.4 

volts 

65 

— 

■ — 

— 

_ 

36 

36 

36 

_ 

0.1 

0.13 

0.15 

megohm 

4000 

11000 

10400 

10000 

/xmhos 

3 

18 

18 

18 

mA 

3 

3 

mA 

Triode  Unit 

Pentode  Unit 

1 

1 

megohm 

3 

2 

megohms 

•  With  maximum  duty  factor  of  0.18  and  maximum  pulse  duration  of  18  microseconds. 


7DK 


6DZ4 

MEDIUM-MU  TRIODE  zdz4,  3dz4 

Miniature  type  used  as  a  local-oscillator  tube  in  uhf 
color  and  black-and-white  television  receivers  covering 
the  frequency  range  from  470  to  890  MHz.  Outlines 
section,  5B;  requires  miniature  7-contact  socket.  For 
curve  of  average  plate  characteristics,  refer  to  type 
6AF4A.  Types  2DZ4  and  3DZ4  are  identical  with  type 
6DZ4  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . . . 

Direct  Intereleeti’ode  Capacitances  (Approx.):0 

Grid  to  plate  . . . . . 

Grid  to  Cathode  and  Heater  . . . 

Plate  to  Cathode  and  Heater  . 


2DZ4 

3DZ4 

6DZ4 

2.35 

3.2 

6.3 

volts 

0.6 

0.45 

0.225 

ampere 

11 

11 

~~ 

seconds 

±180  max 

±180  max 

±50  max 

volts 

100  max 

100  max 

25  max 

volts 

1.8 

pF 

2.2 

pF 

1.3 

pF 

•  With  external  shield  connected  to  cathode. 


Class  At  Amplifier 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Plate  Resistor  . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . . . 

Plate  Current  . . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  20  jjlA . 

UHF  Oscillator 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid  Voltage,  Negative-bias  value  . . 

Grid  Current  . 

Cathode  Current  . 

Plate  Dissipation  . . 

TYPICAL  OPERATION  AS  OSCILLATOR  AT  1000  MHz 

Plate  Supply  Voltage  . 

Plate-Circuit  Resistance  .  . 

Grid  Resistor  . . . 

Plate  Current  . .  .  .  .  . . 

Grid  Current  (Approx.)  . .  ! . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . . 


80  volts 

2700  ohms 

14 

2000  ohms 

6700  yumhos 

15  mA 

—11  volts 


135  volts 

— 50  volts 

2  mA 

20  mA 

2.3  watts 


135  volts 

2700  ohms 

10000  ohms 

15.5  mA 

800  (i  A 


Not  recommended 
0.5  megohm 
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6DZ7 


Refer  to  chart  at  end  of  section. 


6E5 


ELECTRON-RAY  TUBE 

Glass  type  used  to  indicate  the  effects  of  a  change  in  a 
controlling  voltage.  It  is  used  to  indicate  accurate 
radio-receiver  tuning.  Outlines  section,  13H;  requires 
6-contact  socket.  Heater:  volts  (ac/dc),  6.3;  amperes, 
0.3.  For  additional  considerations,  refer  to  Tuning 
Indication  with  Electron-Ray  Tubes  in  Electron  Tube 
Applications  section. 

Tuning  Indicator 

MAXIMUM  AND  MINIMUM  RATINGS  (Design-Center  Values) 

Plate-Supply  Voltage  . . . . 

Tai‘get  Voltage  . 

TYPICAL  OPERATION 

Plate  and  Target  Supply  Voltage  . . 

Series  Triode-Plate  Resistor  . . . 

Target  Current**}'  . : . . 

Triode-Plate  Current* 

Triode-Grid  Voltage  (Approx.): 

For  shadow  angle  of  0°  . . 

For  shadow  angle  of  90°  . 

*  For  zero  triode-grid  voltage, 
f  Subject  to  wide  variations. 

6E6  Refer 

6E7  Refer 


250  max 

volts 

(250  max 

volts 

1 125  min 

volts 

200 

250 

volts 

1 

1 

megohm 

3 

4 

mA 

0.19 

0.24 

raA 

—6.5 

—8.0 

volts 

0 

0 

volts 

chart 

at  end 

of 

section. 

chart 

at  end 

of 

section. 

6EA4 


HSGH-MU  TRIODE 


Duodecar  type  used  as  low-current,  high-voltage  beam 
triode  as  a  shunt  regulator  in  the  high-voltage  power 
supply  of  color  television  receivers.  Outlines  section, 
10D;  requires  duodecar  12-contact  socket.  Heater: 
volts  (ac/dc),  6.3;  amperes,  0.2;  maximum  heater- 
cathode  volts;  +0,  —200. 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage . * . . .  - . 

Unregulated  DC  Supply  Voltage  . . . 

DC  Grid  Voltage  . . . . . . 

Peak  Grid  Voltage  . . 

Average  Plate  Current . . . 

Plate  Dissipation  . . * . 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  . . . . 

6EA5  Refer  to  chart  at  end  o 


6EA7  DUAL  TRIODE 

Glass  octal  type  used  as  a  combined  vertical-deflec¬ 
tion  oscillator  and  vertical-deflection  amplifier  in  tele¬ 
vision  receivers.  Outlines  section,  13B;  requires  octal 
socket.  Heater:  volts  (ac/dc),  6.3;  amperes,  1.05;  maxi¬ 
mum  heater-cathode  volts,  ±200  peak,  100  average. 


12FA 


60000 

volts 

27000 

volts 

—135 

volts 

—440 

volts 

1.6 

mA 

30 

watts 

3 

megohms 

section. 

CT,(4V. 

_gf  * 

JJLV^T, 

\^Az)h 

SBD 


Technical  Data 
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CHARACTERISTICS 

Plate  Voltage  . . . 

Class  Ai  Amplifier 

Unit  No.l 

.  4250 

Unit  No.2 

60  175 

volts 

Grid  Voltage  . . 

.  —3 

0 

— 25 

volts 

Amplification  Factor  . 

.  66 

• — . 

6.5 

Plate  Resistance  (Approx.)  . 

. .  30000 

— 

920 

ohms 

Transconductance  . 

.  .  .  . .  2200 

— 

6000 

/Amhos 

Plate  Current  .  .  . . 

.  2 

100* 

40 

ffiA 

Grid  Voltage  (Approx.)  : 

For  plate  current  of  20 

/aA  . 

.  — 5.3 

__ 

_ _ _ 

volts 

For  plate  current  of  200 

/A  A 

— 

— 45 

volts 

•  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Vertical-Deflection  Oscillator  and  Amplifier 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Peak  Negative-Pulse  Grid  Voltage  . 

Peak  Cathode  Current  .  . . . . 

Average  Cathode  Current  . 

Plate  Dissipation  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  grid-resistor-bias  operation  . 

For  cathode-bias  operation  . . . . 


Unit  No.l 

Unit  No.2 

Oscillator 

Amplifier 

350 

550 

volts 

_ 

1500 

volts 

—400 

—250 

volts 

— 

175 

mA 

— 

60 

mA 

1 

10 

watts 

1 

1 

megohm 

2 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.6  milliseconds). 


MEDIUWI-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


9AE 


6EA8 

5EA8,  9EA8,  19EAS 
Miniature  type  used  as  combined  oscillator  and  mixer 
in  color  and  black-and-white  television  receivers  utiliz¬ 
ing*  an  intermediate  frequency  in  the  order  of  40  MHz. 
Outlines  section,  6B;  requires  miniature  9-contact 
socket.  Types  5EA8,  9EA8,  and  19EA8  are  identical 
with  type  6EA8  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  .  .  . . 


5EA8  6EA8 
4.7  6.3 

0.6  0.45 

11  11 


9EA8  19EAS 
9.5  18.9  volts 

0.15  0.15  ampere 

11  11  seconds 


±200  max  ±200  max  ±200  max  ±200  max  volts 

100  max  100  max  100  max  100  max  volts 


Direct  In  ter  electrode  Capacitances: 

Triode  Unit : 

Grid  to  Plate  . 

Grid  to  Cathode,  Heater,  Pentode  Cathode, 

Pentode  Grid  No.3,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Pentode  Cathode, 

Pentode  Grid  No.3,  and  Internal  Shield  . 

Cathode  to  Heater  . . . 

Pentode  Unit: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2, 

Grid  No.3,  and  Internal  Shield  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . 

Heater  to  Cathode  . . . . . . 


Unshielded  Shielded 


3  3.2 

1.4  1.9 

3  3“ 

0.02  max  0.01  max 

5  5 

2.6  3.4 

3  3« 


PF 

PF 

PF 

pF 

pF 

pF 

pF 

pF 


°  With  external  shield  connected  to  cathode  of  unit  under  test  except  as  noted. 
■  With  external  shield  connected  to  ground. 


Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . „ 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 


Triode  Unit  Pentode  Unit 
330  330 

—  330 

—  See  curve  page  96 
0  0 


volts 

volts 

volts 


PLATE  MILLIAMPERES 
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Plate  Dissipation  . . . . . . *  * 

Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . 

Grid-No.2  Voltage  . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . 

Trans  conductance  . 

Plate  Current  . 

Grid-No.2  Current  . * . 

Grid-No.l  Voltage  for  plate  current  of  10  //.A  ........ 


2.5 

3.1 

watts 

— 

0.55 

See  curve  page  96 

watt 

150 

125 

volts 

_ 

125 

volts 

„ _ 

—1 

volt 

56 

40 

— 

ohm3 

5000 

200000 

ohms 

8500 

6400 

/imhos 

18 

12 

mA 

4 

m  A 

— 12 

—9 

volts 

6EB8 


HIGH-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  Pentode  unit  is  used  as 
video  output  amplifier;  triode  unit  is  used  in  sync- 
separator,  sync-clipper,  and  phase-inverter  circuits. 
Outlines  section,  6E;  requires  miniature  9-contact 
socket.  Type  8EB8  is  identical  with  type  6EB8  except 
for  heater  ratings. 


H 


9DX 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


6EB8  8EB8 

6.3  8  volts 

0.75  0.6  ampere 

—  11  seconds 

±200  max  ±200  max  volts 

100  max  100  max  volts 


Direct  Interelectrode  Capacitances : 

Triode  Unit : 

Grid  to  Plate  . . . . . 

Grid  to  Cathode  and  Heater  . . . ^  • 

Plate  to  Cathode  and  Heater  . . 

Pentode  Unit : 

Grid  No.l  to  Plate  . ■■  *■  ••••  . . : 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . l  *  *  • 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . .  . . . 

Triode  Grid  to  Pentode  Plate  . * . 

Pentode  Grid  No.l  to  Triode  Plate  . . . 

Pentode  Plate  to  Triode  Plate  . . 


4.4 

pF 

2.4 

pF 

0.36 

PF 

0.1  max 

PF 

11 

pF 

4.2 

pF 

0.018  max 

pF 

0.005  max 

PF 

0.17  max 

pF 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . .  -  . .  .  . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage  . . . . ;  ■  ■ 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 
Plate  Dissipation  . . . . . * 


Triode  Unit  Pentode  Unit 

330  330 

—  330 

—  See  curve  page  96 
0  0 

1  5 


volts 

volts 

volts 

watts 


Technical  Data 


Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  165  volts  .  .  .  .  ...  .  . . 
For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . 

Grid-No.2  Supply  Voltage  . . 

Grid  Voltage  . . . . 

Cathode-Bias  Resistor  . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  .  .  .  . . . 

Transconductance  . . . 

Plate  Current . 

Grid-No.2  Current  . . .  . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  20  /a A 
Grid-No. 1  Voltage  (Approx.)  for  plate  current  of 

100  /iA  . .  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . 
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—  1.1  watts 

—  See  curve  page  96 


250 

200 

volts 

_ 

125 

volts 

— 2 

— 

volts 

100 

68 

ohms 

37000 

75000 

ohms 

2700 

12500 

/tmhos 

2 

25 

mA 

— 

7 

mA 

• — 5 

— 

volts 

— 

—9 

volts 

0.5 

0.25 

megohm 

1.0 

1.0 

megohm 

C3 

7CV 


6EH5 

POWER  PENTODE  12EH5,  25EH5,  50EH5 

Miniature  type  used  in  the  audio  output  stage  of 
radio  and  television  receivers  and  in  phonographs. 
Outlines  section,  5D;  requires  miniature  7-contact 
socket.  Types  12EH5,  25EH5,  and  50EH5  are  identical 
with  type  6EH5  except  for  heater  ratings. 


6EH5  12EH5 

Heater  Voltage  (ac/dc)  .  6.3  12.6 

Heater  Current  .  1.2  0.6 

Heater  Warm-up  Time  (Average)  .  —  11 

Heater-Cathode  Voltage : 

Peak  value  . .  ±200  max  {+ 

Average  value  .  . . 100  max  100  max 


Direct  Inter  electrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No. 3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.  3  .... 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Plate  Dissipation  . . . . 

Grid-No.2  Input  . 

Bulb  Temperature  (at  hottest  point)  . 

TYPICAL  OPERATION 

Plate  Supply  Voltage  . . 

Grid-No.2  Supply  Voltage  . . 

Cathode-Bias  Resistor  . . . . . 


25EH5  50EH5 

25  50  volts 

0.3  0.15  amperes 

—  —  seconds 


±200  max  ±200  max  volts 
100  max  100  max  volts 


0.65  pF 

17  pF 

9  pF 


1 50  volts 

130  volts 

5.5  watts 

2  watts 

220  t!C 


110  volts 

115  volts 

62  .oteis 
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Peak  AP  Grid-No.  1  Voltage  . . . . .  3 

Zero-Signal  Plate  Current  . , . .  42 

Maximum-Signal  Plate  Current  . . . . .  42 

Zero-Signal  Grid-No.2  Current  .  11.5 

Maximum-Signal  Grid-No.2  Current  . . 14.5 

Plate  Resistance  (Approx.)  . 11000 

Transconductance  . . 14600 

Load  Resistance  . 3000 

Total  Harmonic  Distortion  . 7 

Maximum-Signal  Power  Output  . 1.4 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1 -Circuit  Resistance : 

For  fixed-bias  operation  . 0.1 

For  cathode-bias  operation  .  0.5 


Push-Pull  Class  AB,  Audio-Frequency  Power  Amplifier 

MAXIMUM  RATINGS  (Same  as  for  Class  Ai  audio-frequency  power  amplifier) 
TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Supply  Voltage  . 140 

Grid-No.2  Supply  Voltage  .  . . .  120 

Cathode-Bias  Resistor  .  68 

Peak  AF  Grid-No.l  Voltage  .  9.4 

Zero-Signal  Plate  Current  .  47 

Maximum-Signal  Plate  Current  . 51 

Zero-Signal  Grid-No.2  Current  . 11 

Maximum-Signal  Grid-No.2  Current  . 17.7 

Effective  Load  Resistance  (Plate-to-plate)  .  6000 

Total  Harmonic  Distortion  .  5 

Maximum-Signal  Power  Output  .  3.8 

MAXIMUM  CIRCUIT  VALUES 
Grid-No. 1-Circuit  Resistance : 

For  fixed-bias  operation  . . .  0.1 

For  cathode-bias  operation  .  0.5 


volts 
mA 
mA 
mA 
mA 
ohms 
jumhos 
ohms 
per  cent 
watts 


megohm 

megohm 


volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 
ohms 
per  cent 
watts 


megohm 

megohm 


PLATE  VOLTS  92CS-9623T 


6EH7 

SEMIREMOTE-CUTOFF 
PENTODE 


3EH7,  4EH7 

Miniature  types  used  as  if-amplifier  tubes  in  color  and 
black-and-white  television  receivers.  Outlines  section,  9AQ 

6C;  require  miniature  9-contact  socket.  Types  3EH7  and  4EPI7  are  identical 
with  types  6EH7  and  6EH7/EF183  except  for  heater  ratings. 

6EH7 

3EH7  4EH7  6EH7/EF183' 

.  3.4  4.4  6.3  volts 

.  0.6  0.45  0.3  ampere 

.  „  . .  ±150  max  ±150  max  ±150  max  volts 


6EH7/ 

EF183 


Heater  Voltage  (ae/dc)  . 

Heater  Current  . 

Peak  Heater-Cathode  Voltage 
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Direct  Inter  electrode  Capacitances : 

Grid  No.l  to  Plate . . .  0.005  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3,  and 

Internal  Shield  . .  9 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . .  • « .  -  3 


pF 

pF 

pF 


Class  A!  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Supply  Voltage  . 

Plate  Voltage  . . 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value 

Grid-No.2  (Screen-Grid!  Supply  Voltage  . 

Grid-No.  2  Voltage  . . . 

Cathode  Current  . . 

Plate  Dissipation  . 

Grid-No.2  Input  . . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  No.3  . . . 

Grid-No.2  Voltage  . 

Grid-No.  1  Voltage  . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  . . . 

Grid-No.2  Current  . 


550  volts 

250  volts 

0  volts 

550  volts 

250  volts 

20  mA 

2.5  watts 

0.65  watt 


.  200  volts 

Connected  to  cathode  at  socket 
......  90  volts 

.  — 2  volts 

.  0.5  megohm 

.  12500  /imhos 

.  12  mA 

4.5  mA 


TYPICAL  OPERATION 

Plate  Voltage  . . . . 

Grid  No.3  . 

Grid-No.2  Supply  Voltage  . 

Grid-No.2  Series  Resistor  . 

Grid-No. 1  Voltage  . 

Transconductance  . 

RMS  Grid-No.  1  Voltage,  for 
cross -modulation  factor  of  0.01 
MAXIMUM  CIRCUIT  VALUE 
Grid-No.  1-Circuit  Resistance . 


200  200  200  200  volts 

Connected  to  cathode  at  socket 


200 

200 

200 

200 

volts 

22000 

22000 

22000 

22000 

ohms 

—19.5 

—9.5 

— 6.5 

—2 

volts 

125 

625 

1250 

12500 

mhos 

450 

160 

100 

— 

mV 

1  megohm 


See  chart  at  end  of  section. 


6E  m 


Refer  to  chart  at  end  of  section. 


6IEJ7 


6EJ7/ 

SHARP-CUTOFF  PENTODE 

3EJ7,  4EJ7 

Miniature  types  used  as  if-amplifier  tubes  in  color  and 
black-and-white  television  receivers.  Outlines  section, 
6C;  require  miniature  9-contact  socket.  Types  3EJ7 
and  4EJ7  are  identical  with  type  6EJ7/EF184  except 
for  heater  ratings. 


3EJ7  4EJ7  6EJ7/EF184 

Heater  Voltage  (ac/dc)  . 3.4  4.4  6.3 

Heater  Current  .  0.6  0.45  0.3 

Peak  Heater-Cathode  Voltage  .  ±150  max  ±150  max  ±150  max 

Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . . . .  0.005  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . .  10 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 
Internal  Shield  .  3 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 


Plate  Supply  Voltage  . 550 

Plate  Voltage  .  .  . .  250 

Grid-No.2  (Screen-Grid)  Supply  Voltage  .  550 

Grid-No.2  Voltage  .  250 

Cathode  Current  . 25 

Plate  Dissipation  . 2.5 

Grid-No.2  Input  . 0.9 


volts 

ampere 

volts 

pF 

pF 

pF 


volts 

volts 

volts 

volts 

mA 

watts 

watt 
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CHARACTERISTICS 

Plate  Voltage  . 

Grid  No.B  . . 

Grid-No.  2  Voltage  . 

Grid-No.  1  Voltage  . 

Plate  Resistance  (Approx.) 

Transconductance  . 

Plate  Current  . 

Grid-No.2  Current  . 

MAXIMUM  CIRCUIT  VALUE 
Grid-No. . t -Circuit  Resistance 


190 

200 

volts 

Connected  to  cathode  at  socket 

190 

200 

volts 

—2.35 

—2.5 

volts 

0.35 

0.35 

megohm 

15000 

15000 

fx  mhos 

10 

10 

mA 

4.1 

4.1 

mA 

1 

megohm 

6EM5 

8EM5  BEAM  POWER  TUBE 

Miniature  type  used  as  vertical-deflection  amplifier  in 
television  receivers  utilizing  picture  tubes  having  di¬ 
agonal  deflection  angles  of  110  degrees.  Outlines  sec¬ 
tion,  6G;  requires  miniature  9-contact  socket.  Type 
8EM5  is  identical  with  type  6EM5  except  for  heater 
ratings. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.B 


6EM5 

8EM5 

6.3 

8.4 

volts 

0.8 

0.6 

ampere 

— 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

0.7  max 

pF 

.3  . 

10 

pF 

5.1 

pF 

Class  A,  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  ......  . . 

Grid-No.l  Voltage  . 

Mu  Factor,  Grid  No.l  to  Grid  No.2  . 

Plate  Resistance  . . . . . . 

Transconductance  . . 

Plate  Current  . 

Grid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 
0.2  mA  . 

•  These  values  can  be  measured  by  a  method  involving  a 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


60 

250 

volts 

250 

250 

volts 

0 

—18 

volts 

— 

8.7 

— 

0.05 

megohm 

— 

5100 

/imhos 

180® 

40 

mA 

30* 

3 

mA 

— 

— 37 

volts 

recurrent 

waveform 

such  that  the 

IS 


200 


\\  '5°i 


50 


TYPE  6EWI5 

GRID- No.2  VOLTS* 250 

( 

> 

r 

J 

3RI0  N 

oJ  VOL 

TS  ECl 

jfi 

lb 

=»|C 

r 

A 

j&J 

□ 

Ln 

V 

\~- 

=•2- -25 

UT»— 1 

B 

50  100  ISO  200  250  300  350 

PLATE  VOLTS  92CS-9797T1 
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Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  .  . . 315  volts 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  Maximum)  . .  2200*  volts 

Grid-No.  2  (Screen-Grid)  Voltage  . 285  volts 

Peak  Negative- Pulse  Grid-No.l  (Control-Grid)  Voltage  . .  — 250  volts 

Peak  Cathode  Current  . 210  mA 

Average  Cathode  Current  . 60  mA 

Plate  Dissipation  .  . . 10  watts 

Grid-No.2  Input  . . .  ...  1.5  watts 

Bulb  Temperature  (at  hottest  point)  . 250  °C 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . .  . .  . . . .  2.2  megohms 


#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 

*  Under  no  circumstances  should  this  absolute  value  he  exceeded. 


KT2®^^S)ZL\J)kTi  6EM7  * 

.7"" JV  DUAL  TRIODE  ioemt,  isem? 

pt?®\V  Glass  octal  type  used  as  combined  vertical-deflection 

amplifier  and  vertical-deflection  oscillator  in  color  and 
ct t  black-and-white  television  receivers.  Outlines  section, 

8BD  13A;  requires  octal  socket.  For  curve  of  average  plate 

characteristics,  Unit  No.l,  refer  to  type  6DR7  (Unit  No.l).  Types  10EM7 
and  13EM7  are  identical  with  type  6EM7  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value  . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  to  Plate  . . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater . . 


7  10EM7  13EM7 

9.7 

13 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

max  ±200  max  ±200  max 

volts 

max  100  max  100  max 

volts 

Unit  No.l 

Unit  No.2 

4.8 

10 

pF 

2.2 

7 

pF 

0.6 

1.8 

pF 

Unit  No.l 

Unit  No.2 

250 

150 

volts 

—3 

—20 

volts 

64 

5.4 

40000 

750 

ohms 

1600 

7200 

^mhos 

1.4 

50 

mA 

_ . 

10 

mA 

95 

mA 

—5.5 

_ 

volts 

'  — 

—45 

volts 

Class  Ax  Amplifier 

CHARACTERISTICS  Unit  No.l  Unit  No.2 

Plate  Voltage  . 250  150  v 

Grid  Voltage  .  .  — 3  — 20  v 

Amplification  Factor  . 64  5.4 

Plate  Resistance  (Approx.)  .  40000  750  ol 

Transconductance  .  1600  7200  iim 

Plate  Current  . 1.4  50 

Plate  Current,  for  plate  voltage  of  60  volts  and 

zero  grid  voltage  .  —  10 

Plate  Current,  for  grid  voltage  of  — 28  volts  .  —  95 

Grid  Voltage  (Approx.)  : 

For  plate  current  of  10  (iA  . —5.5  —  v 

For  plate  current  of  100  fiA  ....  .  —  — 45  v 

Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line,  30-frame  system 

Unit  No.l  Unit  No.2 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Oscillator  Amplifier 

DC  Plate  Voltage  .  330  330  v< 

Peak  Positive-Pulse  Plate  Voltage#  . —  1500  v< 

Peak  Negative-Pulse  Grid  Voltage  .  — 400  — 250  v< 

Peak  Cathode  Current  .  77  175  ] 

Average  Cathode  Current  . 22  50  ] 

Plate  Dissipation  . 1.5  10  w« 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance :  Unit  No.l  Unit  No.2 

For  grid-resistor-bias  operation  .  2.2  2.2  megot 

For  cathode-bias  operation  .  2.2  2.2  megol 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


330 

330 

volts 

— 

1500 

volts 

—400 

—250 

volts 

77 

175 

mA 

22 

50 

mA 

1.5 

10 

watts 

Unit  No.l 

Unit  No.2 

2.2 

2.2 

megohms 

2.2 

2.2 

megohms 
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6EQ7  diode— 

12EQ7  REMOTE-CUTOFF  PENTODE 

Miniature  type  used  as  combined  if  amplifier  and  AM 
detector  in  AM  and  AM/FM  radio  receivers.  Outlines 
section,  6E;  requires  miniature  9-contact  socket.  Type 
12EQ7  is  identical  with  type  6EQ7  except  for  heater 
ratings. 


H 


Heater  Voltage  (ac/dc)  ................ . 

Heater  Current  . . . . . . . 

Heater-Cathode;  Voltage : 

Peak  value  . * . . . 

Average  value  . . 

Direct  Interelectrode  Capacitances : 

Pentode  Unit : 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid 

Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3 

Internal  Shield  . . 

Pentode  Grid  No.l  to  Diode  Plate  . . 

Pentode  Plate  to  Diode  Plate  . • 


and 


6EQ7 

12EQ7 

6.3 

12.6 

volts 

0.3 

0.15 

ampere 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

0.002  max 

pF 

and 

5.5 

pF 

5 

pF 

0.0015  max 

pF 

0.095 

PF 

Pentode  Unit  as  Class  A3  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No. 3  (Suppressor-Grid)  Voltage: 

Positive  value  . . . 

Negative  value  . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . 

Grid-No.l  (Control-Grid)  Voltage: 

Positive-bias  value  . . 

Negative-bias  value  . . . - 

Plate  Dissipation  . . . . 

Grid-No.3  Input  . . . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . .  . . 

For  grid-No.2  voltages  between  150  and  300  volts  . 

Bulb  Temperature  (At  hottest  point)  . . 


300  volts 

300  volts 

— 300  volts 

300  volts 

See  curve  page  96 

0  volts 

— 50  volts 

3  watts 

0.2  watt 

0.6  watt 

See  curve  page  96 
150  °C 


CHARACTERISTICS 

Plate  Voltage  . . . .  a  1™  ,  v®1* 

Grid  No. 3  . . . Connected  to  cathode  at  socket 

Internal  *  Shield  .1 . Connected  to  cathode  at  socket 

Grid-No.2  Voltage'  ' ! . 100  volts 

Grid-No.l  Supply  Voltage  .  0  volts 

Grid-No.l  Resistor  (Bypassed)  .  2.2  megohms 

Plate  Resistance  (Approx.)  . 0.2o  megohm 

Transconductance  . 3800  ,/tmhos 

Plate  Current  .  „  2 

Grid-No.2  Current  . , . 

Grid-No.l  Voltage  (Approx.)  for  transconductanee  of  40  /jmhos  ..  —20  volts 


Technical  Data 
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Diode  Unit 

MAXIMUM  RATINGS  (Design-Maximum  Values) 


Plate  Current  . . .  1  mA 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  2  mA  . . .  10  volts 


r-o I  1  : r 

r  TYPE  6EQ7 

*  GRID  No.  3  AND  INTERNAL  SHIELD 

CONNECTED  TO  CATHODE  AT  $0CKET| 
GRID -No.  2  VOLTS  *100 


100  200  300  400  500 

PLATE  VOLTS  ®@GS~IOS8(m 


7FP 


HIGH-MU  TRSODE 


6ER5 

2ER5,  3ER5 


Miniature  type  with  frame  grid  used  in  vhf  tuners  of 
color  and  black-and-white  television  receivers.  Outlines 
section,  5C;  requires  miniature  7-contact  socket.  Types 
2ER5  and  3ER5  are  identical  with  type  6ER5  except 
for  heater  ratings. 


2ER5 

3FR5 

6ER5 

Heater  Voltage  (ac/dc)  . . . 

2.3 

2.8 

6.3 

volts 

Heater  Current  . 

0.6 

0.45 

0.18 

ampere 

Peak  Heater-Cathode  Voltage  .  . . 

±100  max  ±100  max  ±100  max 

volts 

Direct  In  ter  electrode  Capacitances  : 

Unshielded 

Shielded0 

Grid  to  Plate  . 

0.38 

0.36 

pF 

Grid  to  Cathode,  Heater,  and 

Internal 

Shield 

4.4 

4.4 

pF 

Plate  to  Cathode,  Heater,  and 

Internal 

Shield 

3 

4 

pF 

Grid  to  Heater  . 

0.28  max 

0.28  max 

pF 

Plate  to  Cathode  . 

0.24 

0.2a 

pF 

Cathode  to  Grid  . 

3.1 

3.1a 

pF 

Heater  to  Cathode  . .  .  . 

2.5 

2.5a 

pF 

°  With  external  shield  connected  to  cathode  except  as  noted. 
a  With  external  shield  connected  to  ground. 


Class  Ay  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . 

Grid  Voltage,  Negative-bias  value  . 

Cathode  Current  . . . . . 

Plate  Dissipation  . . . . . . . . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  Voltage  . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . . . . . 

Transconductance  . . . . . 

Plate  Current  . . . . 

Grid  Voltage  (Approx.)  for  transconductance  of  5(30  /tmhos 
Grid  Voltage  (Approx.)  for  transeonduetance  of  100  jamhos 
MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  . . . . 


250 

volts 

— 50 

volts 

20 

mA 

2.2 

watts 

200 

volts 

— 1.2 

volts 

80 

8000 

ohms 

10500 

(imhoa 

10 

mA 

— 3.8 

volts 

- — 5.6 

volts 

1 

megohm 
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Unshielded 
0.5  max 
3.2 
3.2 


6ES5  HIGH-MU  TRIODE 

Miniature  type  used  as  grounded-cathode  rf  amplifier 
in  vhf  television  receivers.  Outlines  section,  5C;  re¬ 
quires  miniature  7-contact  socket. 

Heater  Voltage  (ac/dc)  . ■  •  . . . . 

Heater  Current  . . . . . . . 

Peak  Heater-Cathode  Voltage  . . 

Direct  Interelectrode  Capacitances: 

Grid  to  Plate  . . . .  •  •  •  • 

Grid  to  Cathode,  Heater,  and  Internal  Shield  .  . 

Plate  to  Cathode,  Heater,  and  Internal  Shield  . 

Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid  Voltage,  Positive-bias  value  . . 

Cathode  Current  . . . . . . 

Plate  Dissipation  . . . . .  •  •  • . 

CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Trans  conductance  . . 

Plate  Current  . .  •  -  -  • 

Grid  Voltage  (Approx.)  for  plate  current  of  100  fi A  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-Qircuit  Resistance  . . . . . 


6.3 

0.2 

±100  max 
Shielded 

0.5  max 
3.2 
4 


250 

0 

22 

2.2 

200 

—1 

75 

8000 

9000 

10 

—6 


volts 

ampere 

volts 

pF 

pF 

pF 


volts 

volts 

i»A 

watts 

volts 

volt 

.  .ohms 
/imhos 
mA 
volts 

megohm 


6ES8 
6ES8/ 
ECO  89 


VARIABLE-MU  TWIN  TRIODE 


4ES8 


Miniature  type  used  as  cascode-type  amplifier  in  tuners 
of  television  receivers.  Outlines  section,  6B;  requires 
miniature  9-contact  socket.  Type  4ES8  is  identical  with 
types  6ES8  and  6ES8/ECC189  except  for  heater 
ratings. 


Heater  Voltage  (ac/dc)  ... . . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average)  .  . . .  . 

Direct  Interelectrode  Capacitances : 

Grid  to  Plate  (Each  Unit)  . . 

Plate  to  Cathode  (Each  Unit)  . . 

Heater  to  Cathode  (Each  Unit) 

Plate  of  Unit  No.2  to  Plate  of  Unit  No.l  ., 

Plate  of  Unit  No.2  to  Grid  of  Unit  No.l 
Grid  of  Unit  No.l  to  Cathode  of  Unit  No.2 

*  With  external  shield  connected  to  cathode  of  unit  under  test  except  as  noted. 
a  With  external  shield  connected  to  ground. 

Class  Ax  Amplifier  (Each  Unit) 


4ES8 
4 
0.6 
11 

Unshielded 

1.9 

0.18 

3 

0.04  max 
0.003  max 
0.002  max 


6ES8 

6ES8/ECC189 

6.3 

0.365 


Shielded* 

1.9 

0.17 

3a 

0.015  max 
0.003  max 
0.002  max 


volts 

ampere 

seconds 

p  F 
pF 
pF 
pF 
pF 
pF 


CHARACTERISTICS 

.........  90 

90 

90 

volts 

—1.2 

—5 

—9 

volts 

ohms 

.  2500 

— 

— 

i  lute  resistance  \a-pptvA.;  . 

Ti'nrtenAtlllnptfinPtfi  . .  .  « 

.  12500 

625 

125 

/tmhos 

m.A 

1  l&IIBCOuUUCWinLtJ  -  . 

Plate  Current  . . 

15 

— 

— 
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Cascode-Type  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  with  plate  current  of  0  mA  . 

Plate  Voltage  (Each  unit)  . . . 

Grid  Voltage,  Negative-bias  value  (Each  unit)  . 

Cathode  Current  (Each  unit)  . 

Plate  Dissipation  (Each  unit)  . . . 

Heater-Cathode  Voltage : 

Unit  No.l 

RMS  voltage  between  cathode  and  heater  . 

Unit  No. 2:* 

RMS  voltage  between  cathode  and  heater*  . 

DC  voltage  between  cathode  and  heater*  . . . 

TYPICAL  OPERATION  in  a  cascode-type  circuit* 

Supply  Voltage  . . 

Plate  Current  . . . 

Transconductance  . . . . . . . 

Noise  Figure*  . . 

Grid  Voltage  (Approx.)  for  transconductance  of  125  /imhos 
Input  Voltage  for  cross-modulation  factor  of  0.01  and 

transconductance  of  125  /xmhos  . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance  (Each  unit)  . . . » 

0  Grounded-cathode  input  unit — pins  6,  7,  and  8. 

■  Grounded-grid  output  unit — pins  1,  2,  and  3. 

*  Cathode  positive  with  respect  to  heater. 

u  With  grid  of  output  unit  connected  to  a  voltage  divider* 

*  Measured  with  tube  operating  in  a  television  tuner. 


550 

volts 

130 

volts 

—50 

volts 

22 

mA 

1.8 

watts 

50 

volts 

50 

volts 

130 

volts 

180 

volts 

15 

mA 

12500 

amhos 

6.5 

dB 

—9 

volts 

500 

mV 

l 

megohm 

9LT 


TWIN  DIODE-  6ET7 

SHARP-CUTOFF  PENTODE  8ET7 

Miniature  type  used  in  television  receiver  applications. 
The  pentode  unit  is  used  as  a  video  amplifier  and  the 
diodes  are  used  as  a  horizontal  phase  inverter.  Out¬ 
lines  section,  6E;  requires  miniature  9-contact  socket. 
Type  8ET7  is  identical  with  type  6ET7  except  for 
heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


6ET7  8ETT 

6.3  8 

0.75  0.6 

—  11 

±  200  max  ±200  max 

100  max  100  max 


Pentode  Unit  as  Class  Ax  Amplifier 


volts 

ampere 

seconds 

volts 

volts 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  .  .  . . . 

Grid-No.  2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . 

Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 


CHARACTERISTICS 

Plate  Supply  Voltage  . . 60 

Grid-No.2  Supply  Voltage  .  150 

Grid-No.l  Voltage  . 0 

Cathode-Bias  Resistor  . — - 

Plate  Resistance  (Approx.)  . .  — 

Transconductance  . . .  . . . .  — 

Plate  Current  . . . . . .  55“ 

Grid-No.2  Current  . . .  . . . . .  18" 


Grid-No.l  Voltage  (Approx.)  for  plate  current  of 
100  fi A  . . . . . . . 


330  volts 

330  volts 

See  curve  page  96 
0  volts 

5  watts 

1.1  watts 

See  curve  page  96 


200 

volts 

150 

volts 

— 

volts 

100 

ohms 

60000 

ohms 

11500 

/imhos 

25 

mA 

5.5 

mA 

—10 

volts 
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MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . . . . .  0.1  megohm 

For  cathode-bias  operation  . .  0.25  megohm 

m  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Diode  Units  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Average  Plate  Current  . . . . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  1.5  mA  . . 


3  mA 

10  volts 


6EU7  HIGH-MU  TWIN  TRIODE 

Miniature  type  used  in  high-gain,  resistance-coupled, 
low-level  audio-amplifier  applications  where  low-hum 
and  non-microphonic  characteristics  are  important, 
such  as  microphone  amplifiers  and  pre-amplifiers  for 
phonographs.  Outlines  section,  6B;  requires  miniature 
9-contact  socket.  For  typical  operation  as  a  resistance- 
coupled  amplifier,  refer  to  Resistance-Coupled  Ampli¬ 
fier  section. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 

Direct  Interelectrode  Capacitances  (Each  Unit,  Approx.)  : 

Grid  to  Plate  . . . 

Grid  to  Cathode  and  Heater  . . 

Plate  to  Cathode  and  Heater  . 


6.3 

volts 

0.3 

ampere 

:200  max 

volts 

100  max 

volts 

1.5 

pF 

1.6 

pF 

0.2 

PF 

Equivalent  Noise  and  Hum  Voltage  (Referenced  to  Grid, 

Each  Unit)  :  „  _  .  .. 

Average  Value*  . . .  1.8  microvolts  rms 

*  Measured  in  “true  rms”  units  under  the  following  conditions:  Heater  volts  <ac),  6.3; 
center-tap  of  heater  transformer  grounded ;  plate  supply  volts,  250 ;  plate  load  resistor, 
100000  ohms  ;  cathode  resistor,  2700  ohms ;  cathode  bypass  capacitor,  100  /zF ;  grid  resistor, 
0  ohms  ;  amplifier  frequency  range,  25  to  10000  Hz. 


Class  Ai  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Grid  Voltage: 

Negative-bias  value  . . . . 

Positive-bias  value  . 

Plate  Dissipation  . ■  ■  •  > . . 


330 

volts 

—55 

volts 

0 

watts 

1.2 

watts 
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CHARACTERISTICS 

Plate  Voltage  . . 

Grid  Voltage  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.) 

Transconductance  . . 

Plate  Current  . . 
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100 

250 

volts 

— 1 

— 2 

volts 

100 

100 

80000 

62500 

ohms 

1250 

1600 

/xmhos 

0.5 

1.2 

mA 

MEDIUM-MU  TRIODE—  6EU8 

SHARP-CUTOFF  PENTODE  5EU8 

W.csp.«Miniature  type  used  as  combined  triode  oscillator  and 
pentode  mixer  in  television  receivers.  Outlines  section, 
6B;  requires  miniature  9-contact  socket.  Type  5EU8 
9JF  is  identical  with  type  6EU8  except  for  heater  ratings. 


5EU8  6EIJ8 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . 

Class  A(  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No. 1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . , 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . . . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . 

Plate  Current  . . 

Grid-No.2  Current  . . 

Cathode  Warm-up  Time"  . * 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

10  *iA  . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1 -Circuit  Resistance  . 


4.7 

6.3 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

Triode  Unit  Pentode  Unit 

330 

330 

volts 

— 

330 

volts 

— 

See  curve 

page 

96 

0 

0 

volts 

3 

3.1 

watts 

_ _ 

0.55 

watt 

— 

See  curve 

page 

96 

150 

125 

volts 

— . 

125 

volts 

— 

— 1 

volt 

56 

— 

ohms 

40 

— 

5000 

80000 

ohms 

8500 

6400 

/xmhos 

18 

12 

mA 

. — . 

4 

mA 

35 

— 

seconds 

—12 

- — 9 

volts 

0.1 

0.1 

megohm 

*  The  cathode  warm-up  time  is  defined  as  the  time  required  for  the  transconductance  to 
reach  6500  /xmhos  when  the  tube  is  operated  from  a  cold  start  with  dc  plate  volts  —  100, 
grid  volts  ~  0,  and  heater  volts  «  5.5. 


7EW 


SHARP-CUTOFF  TETRODE  6EV5 

Miniature  type  used  as  rf  amplifier  in  vhf  tuners  of 
television  receivers.  Outlines  section,  5C;  requires 
miniature  7-contact  socket. 


Heater  Voltage  (ac/dc) 

Heater  Current  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . . 


6.3  volts 

0.2  ampere 

±100  max  volts 

50  max  volts 
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Direct  Interelectrode  Capacitances  :a 

Grid  No.l  to  Plate  . •  >  • . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Internal  Shield  . . 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield  ,  . 

a  With  external  shield  connected  to  cathode. 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . . . 

Grid-No.  2  Voltage  . . . . . *> 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . 

Cathode  Current  . . .  . . . 

Plate  Dissipation  . . . . .  . . 

Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  90  volts  . 

For  grid-No.2  voltages  between  90  and  180  volts  . 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid-No.2  Voltage  . . . . 

Grid-No.l  Voltage  . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductanee  . 

Plate  Current  . . . . . 

Grid-No.2  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  transconductanee  of  100  ^mhos  .. 
MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance  ; . . 


0.035  max 

pF 

4.5 

pF 

2.9 

pF 

275 

volts 

180 

volts 

See  curve  page  96 

0 

volts 

20 

mA 

3.25 

watts 

0.2 

watt 

See  curve  page  96 

250 

volts 

80 

volts 

—1 

volt 

0.15 

megohm 

8800 

^mhos 

11.5 

mA 

0.9 

mA 

— 4.5 

volts 

0.5 

megohm 

6EV7 


See  chart  at  end  of  section. 


6EW6 

4EW6,  5EW6  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  the  gain-controlled  picture-if 
stages  of  vhf  color  and  black-and-white  television  re¬ 
ceivers  operating  at  an  interemediate  frequency  in  the 
order  of  40  MHz.  Outlines  section,  5C;  requires  minia¬ 
ture  7-contact  socket.  Types  4EW6  and  5EW6  are  iden¬ 
tical  with  type  6EW6  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2, 

Grid  No. 8,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2, 

Grid  No.3,  and  Internal  Shield  .  . . 


4EW6  5EW6 

6EW6 

4.2  5.6 

6.3 

volts 

0.6  0.45 

0.4 

ampere 

11  11 

•  _ 

seconds 

±200  max  ±200  max  ±200  max 

volts 

100  max  100  max  100  max 

volts 

Unshielded 

Shielded* 

0.04  max 

0.03  max 

pF 

10 

10 

pF 

2.4 

3.4 

pF 

*  With  external  shield  connected  to  cathode. 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . * . 

Grid  No.3  (Suppressor-Grid)  Voltage,  Positive  value  .  .  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . . 

Grid-No.2  Voltage  . . . .  . . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  .  . 

Plate  Dissipation  . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts  .  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . 

Grid  No.3  . 

Grid-No.2  Supply  Voltage  . . . 

Cathode-Bias  Resistor  .... . . . 


330  volts 

0  volts 

330  volts 

See  curve  page  96 
0  volts 

3.1  watts 

0.65  watt 

See  curve  page  96 


.  125  volts 

Connected  to  cathode  at  socket 

.  125  volts 

.  56  ohms 
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Plate  Resistance  (Approx.)  . . . . . . . . . 

0.2 

megohm 

Transconductance  . . . . . 

14000 

/tmhos 

Plate  Current  . . . . . . 

11 

mA 

Grid-No.2  Current  .  . 

3.2 

mA 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  20  fiA  . 

—3.5 

volts 

TYPE  6EW6 
GRID  Na  3  AND  INTERNAL  SHIELD 
CONNECTED  TO  CATHODE  AT  SOCKET. 
GRID~Na2  VOLTS -125 


GRID -No.I  VOLTS  ECl=0 


D 

g 

■ 

- 

BSS 

m 

wm 

B.UM 

— 

— 

.  EC|S“*I  — 

» 

m 

td 

t>  — 

gg 

- “1.5  ~ 

K2 

asEgsg 

— f 

-sr2> 

V— -1  “2 

IOO  200 

PLATE  VOLTS 


300  400 

92CS-9965TI 


DUAL  TRIODE  6EW7 

Neonoval  type  used  as  combined  vertical-deflection 
oscillator  and  vertical-deflector  amplifier  in  television 
receivers.  Outlines  section,  10G;  requires  neonoval  9- 
contact  socket.  For  curve  of  average  plate  characteris¬ 
tics,  Unit  No.l,  refer  to  type  6DE7  (Unit  No.l). 


Heater  Voltage  (ae/de)  . 

Heater  Current  . . 

Heater-Cathode  Voltage: 

Peak  value  . . 

Average  value  . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  to  Plate  . . . . . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . 


Class  Ai  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . . . . . 

Grid  Voltage  . .  .  .  . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . 

Trariseonductance  . . . . 

Plate  Current  . 

Plate  Current  for  plate  voltage  of  60  volts  and  zero 

grid  voltage  . . 

Plate  Current  for  grid  voltage  of  — 25  volts  . 

Grid  Voltage  (Approx.)  fox*  plate  current  of  10  /xA 
Grid  Voltage  (Approx.)  for  plate  current  of  100  jj,A  . 


6.3 

volts 

0.9 

ampere 

±200  max 

volts 

100  max 

volts 

Unit  No.l 

Unit  No.2 

4.2 

9 

pF 

2.2 

7 

pF 

0.4 

1.2 

pF 

Unit  No.l 

Unit  No.2 

250 

150 

volts 

—11 

—17.5 

volts 

IT.  5 

6 

8750 

800 

ohms 

2000 

7500 

jttmhos 

5.5 

45  . 

mA 

_ 

95 

mA 

— 

8 

mA 

—20 

— 

volts 

— 

— 40 

volts 

Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Peak  Negative-Pulse  Grid  Voltage  . . 

Peak  Cathode  Current  . . . . 

Average  Cathode  Current  . 

Plate  Dissipation  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  cathode-bias  operation  . . 

For  grid- res  is  tor-bias  operation  ........... 


Unit  No.l 
Oscillator 
330 

Unit  No.2 
Amplifier 

330 

volts 

— 

1500 

volts 

—400 

—250 

volts 

77 

175 

mA 

22 

50 

mA 

1.5 

10 

watts 

2.2 

2.2 

megohms 

2.2 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds)* 
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See  chart  at  end  of  section. 
6EY6  See  chart  at  end  of  section. 

6EZ5  See  chart  at  end  of  section. 


6EZ8 

19EZ8 


HIGH-MU  TRIPLE  TRSODE 


Miniature  type  used  in  oscillator-mixer  and  afc  service 
in  FM  receivers,  Outlines  section,  6B;  requires  minia¬ 
ture  9-contact  socket.  Type  19EZ8  is  identical  with 
type  6EZ8  except  for  heater  ratings. 


6EZ8 

Heater  Voltage  (ae/dc)  .  6.3 

Heater  Current  .  6.4o 

Peak  Heater-Cathode  Voltage  . 

Class  Ax  Amplifier  (Each  Unit  Unless  Otherwise 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid  Voltage: 

Negative-bias  value  . .  •  * . . . 

Positive-bias  value  . . 

Plate  Dissipation  . . 

Total  Plate  Dissipation  (All  plates)  . . . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  Voltage  . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . . . 

Plate  Current  . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  20  A . . 


pTi 


SKA 


19EZ8 

18.9 

volts 

0.15 

ampere 

±100  max 

volts 

Specified) 

330 

volts 

— 50 

volts 

0 

volts 

2 

watts 

5 

watts 

125 

volts 

1 

volt 

57 

13600 

ohms 

4200 

/jmhos 

4.2 

mA 

—4 

volts 

6F5 


See  chart  at  end  of  section. 


6F5GT 


Refer  to  chart  at  end  of  section. 


6F6  POWER  PENTODE 

Metal  type  used  in  the  audio  output  stage  of  ac  re¬ 
ceivers.  Outlines  section,  2B;  requires  octal  socket.  This 
tube,  like  other  power-handling  tubes,  should  be  ade¬ 
quately  ventilated.  Heater:  volts  (ac/dc),  6.3;  amperes, 
0.7;  maximum  heater-cathode  volts,  90  peak. 
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Class  A,  Amplifier 

Pentode  Triode 


MAXIMUM  RATINGS  (Design-Maximum  Values) 
Plate  Voltage  . 

Connection 

875 

Connection* 

350 

volts 

Grid-No.2  (Screen-Grid)  Voltage  . . 

285 

_ 

volts 

Plate  Dissipation  . . 

11, 

10 

watts 

Grid-No.2  Input  .  . 

3.75 

— 

watts 

TYPICAL  OPERATION 

Plate  Voltage  . . 

250 

285 

250 

volts 

Grid-No.2  Voltage  . . . . . 

250 

285 

_ 

volts 

Gvid-No.l  (Control-Grid)  Voltage  . 

— 16.5 

— 20 

— 20 

volts 

Peak  AF  Grid-No.  1  Voltage  . 

16.5 

20 

20 

volts 

Zero-Signal  Plate  Current  . 

84 

38 

31 

mA 

Maximum- Signal  Plate  Current  . 

36 

40 

34 

mA 

Zero-Signal  Grid-No.2  Current  . 

6.5 

7 

_ 

mA 

Maximum-Signal  Grid-No.2  Current  . 

10.5 

13 

_ _ . 

mA 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . 

80000 

78000 

6.8 

2600 

ohms 

Transconductance  . 

2500 

2550 

2600 

/imhos 

Load  Resistance  . 

7000 

7000 

4000 

ohms 

Total  Harmonic  Distortion  . 

8 

9 

6.5 

per  cent 

Maximum-Signal  Power  Output  . 

3.2 

4.8 

0.85 

watts 

A  Grid  No.2  connected  to  plate. 

Push-PuH  Class  ABL  Amplifier 

MAXIMUM  RATINGS  (Same  as  for  class  Ai  amplifier) 

TYPICAL  OPERATION  (Values  are  for  two  tubes) 


Plate  Voltage  . . . . . .  315 

Grid-No.2  Voltage  . . . 285 

Grid-No.  1  Voltage  .  — 24 

Peak  AF  Grid-No.l-to-Grid-No.l  Voltage  . . . . .  48 

Zero-Signal  Plate  Current  . . . . . .  62 

Maximum-Signal  Plate  Current  . . . . . . . .  80 

Zero-Signal  Grid-No.2  Current  . 12 

Maximum-Signal  Grid-No.2  Current  . .  19.5 

Effective  Load  Resistance  (Plate-to -plate)  . .  10000 

Total  Harmonic  Distortion  .  4 

Maximum-Signal  Power  Output  .  11 

MAXIMUM  CIRCUIT  VALUES 

Grid-  No.l  Circuit  Resistance  : 

For  fixed-bias  operation  . 0.1 

For  cathode-bias  operation  .  0.5 


volts 

volts 

volts 

volts 

mA 

mA 

mA 

mA 

ohms 
pei’  cent 
watts 


megohm 

megohm 


Refer  to  chart  at  end 

Refer  to  chart  at  end 
Refer  to  chart  at  end 


6F6G 

of 

section. 

6F6GT 

of 

section. 

6F7 

of 

section. 

6F8G 

H 


9MR 


DIOOE— SHARP-CUTOFF, 
TWIN-PLATE  TETRODE 


6FA7 


Miniature  type  used  in  television  receivers  and  in  fre¬ 
quency-divider  and  complex-wave  generator  circuits  of 
electronic  musical  instruments.  Outlines  section,  6E; 
requires  miniature  9-contact  socket. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . . . . . ]****[ 

Heater-Cathode  Voltage : 

Peak  value  . . . . 

Average  value  . ,  .  .  .  . . ....!!!!! 

Direct  Interelectvode  Capacitances : 

Tetrode  Unit : 

Grid  No.l  to  Plate  A  . 

Grid  No.l  to  Plate  B  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield 
Plate  A  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield 
Plate  B  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield  . . 


6.3 

volts 

0.3 

ampere 

±:200  max 

volts 

100  max 

volts 

0.040 

pF 

0.030  max 

pF 

5.5 

PF 

1.8 

pF 

1.8 

pF 
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Tetrode  Grid  No.l  to  Diode  Plate  . . . . 

Tetrode  Plate  A  to  Diode  Plate  .  mflX 

Tetrode  Plate  B  to  Diode  Plate  . .  0.055 


pF 

pF 

pF 


Class  Ai  Amplifier 

CHARACTERISTICS  (Tetrode  Unit) 

Plate  A  and  Plate  B  connected  together 

Plate  Voltage  . . 

Grid-No.2  Voltage  . . 

Grid-No.  1  Supply  Voltage  . . . 

Grid-No.  1  Resistor  (Bypassed)  . 

Plate  Resistance  (Approx.)  . . . . 

Transconductance  . . . 

Plate  Current  . . 

Grid-No.2  Current  . .  •  . . . . V  *  V  \ . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  20  a  A  . 

Using  either  Plate  A  or  B,  with  unused  plate  grounded 

Plate  Voltage  . . 

Grid-No.2  Voltage  . . . . 

Grid-No. 1  Supply  Voltage  . 

Grid-No.  1  Resistor  (Bypassed)  , . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . 

Plate  Current  . * 

Grid-No.2  Current  . 

Frequency  Divider  and  Complex-Wave  Generator 

Tetrode  Unit 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate-A  Voltage  . 

Plate-B  Voltage  . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage: 

Negative-bias  value  . * . 

Positive-bias  value  . 

Plate-A  Dissipation  . 

Plate-B  Dissipation  . 

Grid-No.2  Input:  .. 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltasres  between  166  and  330  volts  . . 

MAXIMUM  CIRCUIT  VALUE  .  •. 

Grid-No.l-Circuit  Resistance,  for  grid-No.l-resistor-bias  operation 

Diode  Unit 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  . . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  2  mA  . 


300 

volts 

100 

volts 

0 

volts 

2.2 

megohms 

90000 

ohms 

3200 

/tmhos 

3.8 

mA 

1.7 

mA 

— 4 

volts 

ided 

100 

volts 

100 

volts 

0 

volts 

2.2 

megohms 

130000 

ohms 

1900 

/xmhos 

2.2 

mA 

3 

mA 

330 

330 

330 


volts 

volts 

volts 


See  curve  page  96 


— 50 
0 
1.5 
1.5 


volts 

volts 

watts 

watts 


0.65  watt 

See  curve  page  96 


2.2 


10 


megohms 


mA 


volts 
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6FD7 

DUAL  TRIODE  Hl3FD7 

Glass  type  containing  high-mu  and  low-mu  triode  units 
used  as  combined  vertical-deflection  oscillator  and  ver¬ 
tical-deflection  amplifier  in  television  receivers.  Out¬ 
lines  section,  10B;  requires  miniature  9-contact  socket. 
Type  13FD7  is  identical  with  type  6FD|7  except  for 
heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage: 

Peak  value  . , . 

Average  value  . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  to  Plate  . . 

Grid  to  Cathode  and  Heater  . . . 

Plate  to  Cathode  and  Heater  . 


6FD7 

6.3 

13FD7 

13 

volts 

0.925 

0.45 

ampere 

— 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

Unit  No.l 

Unit  No.2 

4.5 

10 

pF 

2.2 

6.5 

pF 

0.4 

0.2 

pF 

ifier 

Unit  No.l 

Unit  No.2 

250 

60 

150 

volts 

—3 

0 

—17.5 

volts 

64 

— . 

6 

40000 

— . 

800 

ohms 

1600 

— 

7500 

/tmhos 

1.5 

95* 

40 

mA 

- — 5.5 

_ 

__ 

volts 

—  ■ 

— 

—40 

volts 

— 

— 

500 

fi  mhos 

— 

- — 

6 

mA 

CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . . . 

Amplification  Factor  . . . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . 

Plate  Current  . . 

Grid  Voltage  (Approx.)  : 

For  plate  current  of  10  fi A  . 

For  plate  current  of  100  ft  A  . . 

Transconductance,  For  plate  current  of  1  mA  . 

Plate  Current,  For  grid  voltage  of  — 25  volts  . 

“  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line.  30-frame  system 

Unit  No.l 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Peak  Negative-Pulse  Grid  Voltage  . 

Peak  Cathode  Current  .  • . , . 

Average  Cathode  Current  . 

Plate  Dissipation  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  grid-resistor-bias  or  cathode-bias  operation 
#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


Oscillator 


Unit  No.2 
Amplifier 


330 

330 

volts 

— 

1500 

volts 

—400 

—250 

volts 

70 

175 

mA 

20 

50 

mA 

1.5 

10 

watts 

2.2 

2.2 

megohms 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


6FE5 

6FG6 


9GF 


SHARP-CUTOFF  PENTODE  6FG7 

MEDIUM-MU  TRIODE—  5FG7 

Miniature  type  used  as  combined  oscillator  and  mixer 
tube  in  vhf  color  and  black-and-white  television  re¬ 
ceivers.  Outlines  section,  6B;  requires  miniature  9-con¬ 
tact  socket.  Type  5FG7  is  identical  with  type  6FG7  ex¬ 
cept  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 


5FG7 

4.7 

0.6 

11 


6FG7 

6.3 

0.45 

11 


volts 

ampere 

seconds 
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Heater-Cathode  Voltages 

Peak  value  . * . 

Average  value  , . . 

Direct  Interelectrode  Capacitances : 

Triode  Unit : 

Grid  to  Plate  . . . 

Grid  to  Cathode,  Pentode  Grid  No. 3,  and  Heater 
Plate  to  Cathode,  Pentode  Grid  No. 3,  and  Heater 
Pentode  Unit : 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Grid  No.3,  Grid  No.2, 

and  Heater  . . 

Plate  to  Cathode,  Grid  No.3,  Grid  No.2, 

and  Heater  . _ . 

Heater  to  Cathode,  and  Pentode  Grid  No.3  ...... 

•  With  external  shield  connected  to  cathode  except  as  noted. 
■  With  external  shield  connected  to  ground. 


±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

1.8 

1.8 

pF 

3 

3 

pF 

1.3 

1.9 

pF 

0.02  max 

0.01  max 

pF 

5 

5 

PF 

2.4 

3.4 

pF 

6 

6* 

pF 

Class  Ax  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 


Triode  Unit  Pentode  Unit 
330  330 

—  330 

• —  See  curve  page  96 
0  0 
2.5  3 

—  See  curve  page  96 

—  0.55 


CHARACTERISTICS 

Plate  Voltage  . . . . 

Grid-No.2  Voltage  . . . 

Grid-No.  1  Voltage  . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . 

Plate  Current  . 

Grid-No.2  Current  . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current 
of  30  fiA  . 


Triode  Unit 

Pentode  Unit 

125 

100  125 

100  125 

—1 

0  — 1 

43 

—  .  • — 

6700 

—  180000 

7500 

7400  6000 

13 

—  11 

—  4 

—6.5 

—  —7.5 

volts 

volts 

volts 

watts 


watt 


volts 

volts 

volts 

ohms 

/imhos 

mA 

mA 

volts 


6FH5 

2FH5,  3FH5 


HIGH-MU  TRIODE 


Miniature  type  used  as  an  rf  amplifier  in  vM  tuners  of 
color  and  black-and-white  television  receivers.  Outlines 
section,  5C;  requires  7-contact  socket.  Types  2FH5  and 
3FH5  are  identical  with  type  6FH5  except  for  heater 
rating's. 


9GF 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . 

Peak  Heater-Cathode  Voltage  . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  to  Plate  . ■  •  •  •  •  •  •  •  •  ■  •  ■  •  •  • : 

Grid  to  Cathode,  Heater,  and  Internal  Shield 
Plate  to  Cathode,  Heater,  and  Internal  Shield 


2FH5  3FH5  6FH5 

2.35  3 

6.3 

volts 

0.6  0.45 

0.2 

ampere 

11  11 

— 

seconds 

±100  max  ±100  max  ±100  max 

volts 

Unshielded 

Shielded* 

0.52 

0.52 

PF 

3.2 

3.2 

pF 

3.2 

4 

pF 

Class  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid  Voltage,  Positive-bias  value  . 

Cathode  Current  . . . 

Plate  Dissipation  . . . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  Voltage  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . . 

Plate  Current  .  . . .  •  ■  •  •  •  ■  •  - - 

Grid  Voltage  (Approx.)  for  plate  current  of  100  p. A 


150 

volts 

0 

volts 

22 

mA 

2.2 

watts 

135 

volts 

—1 

volts 

5600 

ohms 

9000 

/imhos 

11 

mA 

— 6.5 

volts 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  For  cathode-bias  operation 


1  megohm 
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P®TR 


P2tR 


9KP 


MEDIUM-MU  TRIODE—  ZCLJO 

THREE-PLATE  TETRODE  Omo 

;Piatr  Miniature  type  used  in  complex-wave  generator  appli¬ 
cations  and  in  television  receiver  applications.  Sharp - 
cutoff  tetrode  unit  has  pair  of  additional  plates.  Out¬ 
lines  section,  6B;  requires  9-contact  socket. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . 

Direct  Interelectrode  Capacitances 
Triode  Unit: 

Grid  to  Plate  . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . . . . 

Tetrode  Unit: 

Grid  No.l  to  Plate  No.2  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Plate  No.lA,  and 

Plate  No.lB  . . . . 

Plate  No.2  to  Cathode,  Heater,  Grid  No.2,  Plate  No.lA,  and 

Plate  No.lB  . . . .  . . 

Tetrode  Grid  No.l  to  Triode  Plate  . . . 

Tetrode  Plate  No.2  to  Triode  Plate  . 

0  With  external  shield  connected  to  cathode. 


6.3 

volts 

0.45 

ampere 

1.4 

PF 

2.6 

pF 

1 

pF 

0.06  max 

pF 

4.5 

pF 

1.4 

0.35  max 

pF 

>.008  max 

PF 

100 
—1 
40 
7400 
5400 
7.9 
— 7 


Class  Ax  Amplifier 

CHARACTERISTICS  Triode  Unit 

Plate  Voltage  . . . . 

Grid  Voltage  . . . . 

Amplification  Factor  . . . . . . . ....... 

Plate  Resistance  (Approx.)  . . . 

Tra,nsconductance  . . . . . 

Plate  Current  . . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  100  jj,A  . 

Tetrode  Unit  with  Plates  No.lA  and  No.lB  Connected  to  Cathode  at 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate-No. 2  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.i  Voltage  . . . . !!  ! 

Plate-No.2  Resistance  (Approx.)  . . 

Transconductance,  Grid  No.l  to  Plate  No.2  ..!..!!!!!!!!!!!!!!!! 

Plate-No.2  Current  . . . . . . . . .  ; . !.!!..!!!!•!!! 

Grid-No.2  Current  . . . ,  , . 

Grid-No.  1  Voltage  (Approx.)  for  plate-No.2  current  of  100  fiA  .  . 

Complex-Wave  Generator 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Triode  Unit 

Plate  Voltage  . .  275 

Plate-rNo.lA  Voltage  . . . .  . 

Plate-No.  IB  Voltage  . . . .  ■— 

Plate-No.2  Voltage  . . . . . . 


volts 

volt 

ohms 

/imhos 

mA 

volts 


Socket 


250 

volts 

250 

volts 

— 2 

volts 

0.75 

megohm 

4400 

/nnhos 

7.3 

mA 

1.4 

mA 

— 7 

volts 

Tetrode  Unit 

- ' 

volts 

200 

volts 

200 

volts 

275 

volts 
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Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage: 

Negative-bias  value  . . 

Positive-bias  value  . 

Plate  Dissipation  . . . 

Plate-No.lA  Dissipation  . . . 

Plate-No. IB  Dissipation  . 

Plate-No. 2  Dissipation  . 

Grid-No, 2  Input:  . 

For  grid-No.2  voltages  up  to  137.5  volts  ...... 

Fro  grid-No.2  voltages  between  137.5  and  275  volts 

typical  operation  with  separate  plate  operation 

Plates-No.lA,  No.lB,  and  No.2  Voltage  . • . 

Grid-No.2  Voltage  . . . . . 

Grid-No. 1  Voltage  . . 

Plate-No.lA  Current  . . 

Plate-No.lB  Current  . . 

Plate-No.  2  Current  . . 

Grid-No.2  Current  . . . 

Transconductance  (Approx.)  : 

Grid  No.l  to  Plate  No.lA  . 

Grid  No.l  to  Plate  No.lB  . . 

Grid  No.l  to  Plate  No.2  . . 


Triode  Unit  Tetrode  Unit 

—  275 

—  See  curve  page  96 


-40 

0 

1.7 


MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance,  for  fixed-bias  operation 


Triode  Unit 
0.5 


— 40 
0 

0.3 

0.3 

2.3 

0.45 

See  curve  page  96 

Tetrode  Unit 
100 
50 
—1 
0.04 
0.04 
1.6 
0.3 


70 

70 

2500 

Tetrode  Unit 
0.5 


volts 


volts 

volts 

watts 

watt 

watt 

watts 

watt 


volts 

volts 

volts 

wA 

mA 

mA 

mA 

jum  hos 
jumbos 
jumbos 


megohm 


6FJ7  medium-mu  dual  triode 

Duodecar  type  used  as  combined  vertical-deflection- 
oscillator  and  vertical-deflection-amplifier  tube^  in  color 
and  black-and-white  television  receivers.  Outlines  sec¬ 
tion,  8B;  requires  duodecar  12-contact  socket.  Heater: 
volts  (ac/dc),  6.3;  amperes,  0,9;  maximum  heater-cath¬ 
ode  volts,  ±200  peak,  100  average. 


12BEVI 


Class  At  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  .  .  . . 

Transconductance . . 

Plate  Current  . , . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  /j,A 
Grid  Voltage  (Approx.)  for  plate  current  of  50  fi A 


Unit  No.l 

250 
:  — 8 
22.5 
9000 
2500 
8 

-—18 


Unit  No.2 
150  250 

0  —9.5 

—  15.4 

—  2000 

—  7700 

68"  41 


— 23 


•  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


volts 

volts 

ohms 

jutnhos 

mA 

volts 

volts 

such  that  the 


Vertical-Deflection  Oscillator  and  Amplifier 


For  operation  in  a  525-line, 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

30-frame  system 
Unit  No.l 
Oscillator 

350 

Unit  No.2 
Amplifier 

550 

Peak  Positive-Pulse  Plate  Voltage#  . . 

fivifl  VoltelTG  . . 

- — 400 

2500 

—250 

JrCJSiK  IN  egauve-Jruibe  vxnu  . 

— 

150 

Jrc&K  uawioae  uuneut  . . 

— 

50 

otttnocu?  . . 

; ;  i 

10 

MAXIMUM  CIRCUIT  VALUES 

volts 

volts 

volts 

mA 

mA 

watts 


2.2 

2.2 


2.2 


Grid-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . • . 

#  Pulse  duration  must  not  exceed  16%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


megohms 

megohms 
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12EJ 


6FM7 

DUAL  TRIODE  13FM7,  15FM7 

Duodecar  type  used  as  combined  vertical-deflection  os¬ 
cillator  and  vertical-deflection  amplifier  in  color  and 
black-and-white  television  receivers.  Triode  unit  No.l 
is  used  as  an  oscillator,  and  triode  unit  No.2  is  used 
as  an  amplifier.  Outlines  section,  8C;  requires  duodecar 
12-contact  socket.  Types  13FM7  and  15FM7  are  identi¬ 
cal  with  type  6FM7  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Average  value  . 

Peak  value  . 


6FM7  13FM7 

6.3  13 

1.05  0.45 

—  11 

±200  max  ±200  max 
100  max  100  max 


15FM7 

14.8  volts 

0.45  amperes 

11  seconds 

±200  max  volts 

100  max  volts 


Class  At  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . 

Unit  No.l 
250 
— 3 

Unit  No.2 
175 
—25 

66 

5.5 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . . 

30000 

2200 

920 

6000 

Plate  Current  . * 

2 

40 

Grid  Voltage  (Approx.)  for  plate  current  of  20  /.iA  . . 
Grid  Voltage  (Approx.)  for  plate  current  of  200  fiA  . 

—5.3 

— 45 

Vertical-Deflection  Osciilator  and  Amplifier 


volts 

volts 

ohms 
fim  hos 
mA 
volts 
volts 


For  operation  in  a  525-line.  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Peak  Negative-Pulse  Plate  Voltage  . 

Peak  Cathode  Current  . . 

Average  Cathode  Current  . 

Plate  Dissipationf  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  fixed-bias  operation  .  . . . 

For  cathode-bias  operation  . 


350 

550 

volts 

— . 

1500 

volts 

— 400 

—250 

volts 

175 

mA 

_ _  ■ 

50 

mA 

1 

10 

watts 

1 

1 

megohm 

.2 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 

■}•  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


TWIN  DIODE— 
HIGH-MU  TRIODE 


6FM8 


Miniature  type  used  in  television  receiver  applications 
and  as  combined  FM  detector  and  af  voltage  amplifier 
in  FM  receivers.  Outlines  section,  6B;  requires  minia¬ 
ture  9-contact  socket.  Heater:  volts  (ac/dc),  6.3;  am¬ 
peres,  0,45;  maximum  heater-cathode  volts,  ±200  peak, 
100  average. 

Triode  Unit  as  Class  A,,  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . . 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid  Voltage  . .  . . . . . 

Amplification  Factor . . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . 

Plate  Current  . . . . . 


330 

volts 

0 

volts 

1.1 

watts 

250 

volts 

— g 

volts 

70 

58000 

ohms 

1200 

/*mhos 

1 

mA 
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Diode  Units  (Each  Unit) 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  . . .  5  rnA 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  20  mA . . .  5  volts 


6FQ5A 

2FQ5A  HIGH-MU  TRIODE 

Miniature  type  with  frame  grid  used  as  rf-amplifier 
tube  in  vhf  tuners  of  television  receivers.  Outlines 
section,  5C;  requires  miniature  7-contact  socket.  Type 
2FQ5A  is  identical  with  type  6FQ5A  except  for  heater 
ratings. 


7FP 


2FQ5A  6FQ5A 

Heater  Voltage  (ae/dc)  . . .  2.3  6.3 

Heater  Current  .  . .  0.6  0.18 

Heater  Warm-up  Time  (Average)  . . .  11  — 

Peak  Heater-Cathode  Voltage  .  ±100  max  ±100  max 

Direct  Interelectrode  Capacitances:0 

Grid  to  Plate  . . .  0.52 

Grid  to  Cathode,  Heater,  and  Internal  Shield  .... - ........  5 

Plate  to  Cathode,  Heater,  and  Internal  Shield  . .  3,5 

Heater  to  Cathode  . 2.5 

0  With  external  shield  connected  to  cathode  except  as  noted. 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . * .  200 

Grid  Voltage,  Negative-bias  value  . . . .  ■ — 50 

Average  Cathode  Current  .  22 

Plate  Dissipation  . 2.5 

CHARACTERISTICS 

Plate  Voltage  . 135 

Grid  Voltage  .  . . . . . . *  *  •  •  1*2 

Amplification  Factor  . jjj* 

Plate  Resistance  (Approx.)  . 6300 

Transconductance  . 12000 

Plate  Current  . . f*9 

Grid  Voltage  (Approx.)  for  plate  current  of  100  n  A  . . .  — 4.5 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  cathode-bias  operation  .  1 

6FQ7  Refer  to  chart  at  end  of  section. 


volts 

ampere 

seconds 

volts 

pF 

pF 

pF 

pF 


volts 

volts 

mA 

watts 

volts 

volts 

ohms 
/i  mhos 
mA 
volts 

megohm 


6FQ7/ 

6CG7 


MEDIUM-MU  TWIN  TRIODE 


8FQ7/8CG7 

Miniature  type  used  as  combined  vertical-  and  horizon¬ 
tal-deflection  oscillator  in  color  and  black-and-white 
television  receivers.  Outlines  section,  6E;  requires 
miniature  9-contact  socket.  Type  8FQ7/8CG7  is  identi¬ 
cal  with  type  6FQ7/6CG7  except  for  heater  ratings.  For  typical  operation 
as  a  resistance-coupled  amplier,  refer  to  Resistance-Coupled  Amplifier 
section. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances  (Approx.): 

Grid  to  Plate  . 

Grid  to  Cathode  and  Heater  . 


6FQ7/6CG7  8FQ7/8CG7 


6.3 

8.4 

volts 

0.6 

0.45 

ampere 

IX 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

Unit  No.l 

Unit  No.2 

3.6 

3.8 

PF 

2.4 

2.4 

pF 
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Plate  to  Cathode  and  Heater .  0.34  0.26  pF 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  .......  1  P* 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid  Voltage,  Positive-bias  value  . . 

Cathode  Current  . 

Plate  Dissipation : 

For  either  plate  . 

For  both  plates  with  both  units  operating  .  . . 

CHARACTERISTICS 


Plate  Voltage . 90 

Grid  Voltage  . 0 

Amplification  Factor  . 20 

Plate  Resistance  (Approx.)  . . 6700 

Transconductance  . 6000 

Plate  Current  .  .  . . . .  10 

Grid  Voltage  (Approx.)  for  plate  current  of  10  fiA.  .  .  — 7 

Plate  Current  for  grid  voltage  of  — 12.5  volts  .  — 

MAXIMUM  CIRCUIT  VALUE 

Grid  Circuit  Resistance,  For  fixed-bias  operation  . 


Oscillator 


330 

0 

22 

4 

5.7 


250 
— 8 
20 
7700 
2600 
9 

— 18 
1.3 

1.0 


volts 

volts 

mA 

watts 

watts 

volts 

volts 

ohms 

/xmhos 

mA 

volts 

mA 

megohm 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Negative-Pulse  Grid  Voltage  . . 

Peak  Cathode  Current  .  . 

Average  Cathode  Current  . 

Plate  Dissipation : 

For  either  plate . 

For  both  plates  with  both  units  operating  .  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  i . 


Vertical- 

Horizontal- 

Deflection 

DefSection 

Oscillator 

Oscillator 

330 

330 

volts 

—440 

—660 

volts 

77 

330 

mA 

22 

22 

mA 

4 

4 

watts 

5.7 

5.7 

watts 

2.2 

2.2 

megohms 

PLATE  VOLTS  92CS-8442T 


1 GA 


6FS5 

BEAM  HEXODE  2F55,  3F55 

Miniature  type  used  as  rf-amplifier  tube  in  vhf  tele¬ 
vision  receivers.  In  this  tube,  grid  No.l  is  the  control 
grid,  grid  No.2  is  a  focusing  grid,  grid  No.3  is  the 
screen  grid,  and  grid  No.4  is  the  suppressor  grid. 
Grid  No.2  is  internally  connected  to  the  cathode  and 
grid  No.4  and  aligned  with  grid  No.3  Outlines  section, 
5C;  requires  miniature  7-contact  socket.  Types  2FS5 
and  3FS5  are  identical  with  type  6FS5  except  for 
heater  ratings. 


2FS5 

3FS5 

6FS5 

Heater  Voltage  (ac/dc)  . 

_  2.4 

2,9 

6.3 

volts 

Heater  Current  . 

0.6 

0.45 

0.2 

ampere 

Heater  Warm-up  Time  (Average)  . 

....  11 

11 

— 

seconds 

266 


RCA  Receiving  Tube  Manual 


Heater-Cathode  Voltage:  _  ,nrt. 

Peak  value  .  —200  max  ±200  max  ±200  max 

Average  value  . . 100  max  100  max  100  max 


Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . . . .  •  •  * 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid 

No.3,  and  Grid  No. 4  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 
and  Grid  No.4  . - . * 

*  With  external  shield  connected  to  pin  7. 

Class  A,  Amplifier 


Shielded  Unshielded® 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No.3  (Screen-Grid)  Voltage  . . . 

Grid-No.  1  (Control-Grid)  Voltage: 

Negative-bias  value  . 

Positive-bias  value . 

Cathode  Current  . 

Plate  Dissipation  . 

Grid-No.3  Input  . 


300 

150 


—50 

0 

20 

3.25 

0.15 


CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.3  Voltage  . 

Grid-No.  1  Voltage  . 

Plate  Resistance  (Approx.) 

Transconductance  . 

Plate  Current  . 


Grid-No.3  Current  . . ■  •  ■ . - i.11* 

Grid-No.  1  Voltage  (Approx.)  for  transconductance  of  100  fim hos 


275 
135 
— — 0.2 
0.24 
10000 
9 

0.17 

—5 


MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance,  For  fixed-bias  operation 


volts 

volts 


pF 

pF 

PF 


volts 

volts 

volts 

volts 

mA 

watts 

watt 


volts 

volts 

volt 

megohm 

jumhos 

mA 

mA 

volts 


megohm 


6FV6  SHARP-CUTOFF  TETRODE 


Miniature  type  used  as  rf  amplifier  in  vhf  tuners  of 
television  receivers.  Outlines  section,  5C;  requires  7- 
contact  socket. 

Heater  Voltage  (ae/dc)  . • . . 

Heater  Current  . . 

Heater-Cathode  Voltage : 

Peak  value  . . . . . * . 

Average  value . . . . 

Direct  Interelectrode  Capacitances 

Grid  No.l  to  Plate  . •■••••:•* - ■  *  *  •  • - V  ‘-.v.* ; y  *  * 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield  . 

Cathode  to  Heater . . . . . . 

0  With  external  shield  connected  to  cathode  except  as  noted. 

•  With  external  shield  connected  to  ground. 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No. 2  Voltage  .  ;  ; . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  . 

Cathode  Current  . . . . 

Plate  .Dissipation  . . . . * . 

Grid-*No.2  Input:  ^ 

For  grid-No.2  voltages  up  to  90  volts  . . . 

'  For  grid-No.2  voltages  between  90  and  180  volts . . 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid-No.2  Voltage  . 

Grid-No.  1  Voltage  . 

Plate  Resistance  (Approx.)  . . . . . 

Transconductance  . . * . 

Plate  Current  . . . . 


H  P 

) 

Yrf2 

T\  r^J 

fr 

i 

G| 

7FQ 

6.3 

volts 

0.2 

ampere 

±200  max 

volts 

100  max 

volts 

0.03  max 

pF 

4.5 

pF 

3 

PF 

2.7* 

pF 

275 

volts 

180 

volts 

See  curve  page  96 

0 

volts 

20 

mA 

2 

watts 

0.5 

watt 

See  curve  page  4)6 

125 

volts 

80 

volts 

—1 

volt 

0.1 

megohm 

8000 

/imhos 

10 

mA 
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Grid-No. 2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  20  ;tiA 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l -Circuit  Resistance . 


Refer  to  chart  at  end  of  section. 


5FV8 

6FV8A 

4.7 

6.3 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

Shielded  Unshielded 

1.8 

1,8 

pF 

2.8 

2.8 

pF 

1.5 

2 

PF 

0.02  max 

0.01  max 

PF 

5 

5 

PF 

2 

3 

PF 

0.15  max 

0.03  max 

pF 

MEDIUM-MU  TRIODE—  OrVoA 
f  SHARP-CUTOFF  PENTODE  5FV8 

Vjf2?  Miniature  type  used  in  television  receivers  as  com- 
Kp  bined  oscillator  and  amplifier.  Triode  unit  is  used  as 
i(?)G3p  vertical-deflection  oscillator;  pentode  unit  is  used  as 
^  ,s  if  or  general-purpose  amplifier.  Outlines  section,  6B; 
‘"’Sip  requires  9-contact  socket.  Type  5FV8  is  identical  with 
type  6FV8A  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  .  4.7 

Heater  Current  . *  0.6 

Heater  Warm-up  Time  (Average)  . . .  11 

Heater-Cathode  Voltage  : 

Peak  value  . .  ±200  max  r 

Average  value  .  100  max 

Direct  Interelectrode  Capacitances  :  Shielded  Un 

Triode  Unit: 

Grid  to  Plate  .  1.8 

Grid  to  Cathode,  Heater,  Pentode  Cathode,  Pentode 

Grid  No. 3,  and  Internal  Shield  .  ...  2.8 

Plate  to  Cathode,  Heater,  Pentode  Cathode, 

Pentode  Grid  No.3,  and  Internal  Shield  .  1.5 

Pentode  Unit: 

Grid  No.l  to  Plate  . .  0.02  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid 

No. 3,  and  Internal  Shield  .  5 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . . . . .  2 

Pentode  Plate  to  Triode  Plate  .  . .  0.15  max 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Pe 

Plate  Voltage . . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . . . 

Grid-No.2  Voltage  . . . . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . . . 

For  grid-No.2  voltages  between  165  and  330  volts  . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . . 

CHARACTERISTICS  Triode  Unit  Pe 

Plate  Voltage  .  .  .  . .  125 

Grid-No.2  Voltage  . .  — 

Grid-No.l  Voltage . . .  — 1 

Amplification  Factor  . 45 

Plate  Resistance  (Approx.)  . 5600  20< 

Transconductance  . 8000  ( 

Plate  Current  .  12 

Grid-No.2  Current  .  .  . . — . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

20  fiA  . . . .  — 7.5 

Vertical-Deflection  Oscillator — Triode  Unit 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . . 

Peak  Negative-Pulse  Grid  Voltage  . 

Peak  Cathode  Current  . . . 

Average  Cathode  Current  . . 

Plate  Dissipation  . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  For  cathode-bias  operation  . . 


Pentode  Unit 

300  volts 

300  volts 

See  curve  page  06 
0  volts 

2.3  watts 

0.55  watt 

See  curve  page  96 


0.25  megohm 

1  megohm 

Pentode  Unit 

125  volts 

125  volts 

—1  volt 
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6FW5  BEAM  POWER  TUBE 

Glass  octal  type  used  as  horizontal-deflection  amplifier 
in  television  receivers.  Outlines  section,  19B;  requires 
octal  socket.  Heater:  volts  (ac/dc),  6.3;  amperes,  1.2; 
maximum  heater-cathode  volts,  ±200  peak,  100  average. 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . . . 

Peak  Positive- Pulse  Plate  Voltage#  . 

DC  Grid-No.2  (Screen-Grid)  Voltage . . 

Peak  Negative-Pulse  Grid-No. 1  Voltage  . 

DC  Grid-No.  1  (Control-Grid)  Voltage  . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . . . 

Plate  Dissipation9  . 

Grid-No.2  Input  . . 

Bulb  Temperature  (At  hottest  point)  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance  . 


770 
6500 
220 
— 330 
—55 
610 
175 
18 
3.6 
220 


1 


volts 
volts 
volts 
volts 
volts 
mA 
m  A 
watts 
watts 
°C 


megohm 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

*  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


6FW8 


Refer  to  chart  at  end  of  section. 


6FY5/ 

EC97 


HIGH-MU  TRIODE 


Miniature  type  with  frame  grid  used  for  rf -amplifier 
applications  in  vhf  tuners  of  television  receivers.  Out¬ 
lines  section,  5C;  requires  miniature  7-contact  socket. 

Heater  Voltage  (ac/dc)  .  .  .  . . . 

Heater  Current  . . . . . 

Peak  Heater-Cathode  Voltage  . .  . .  . . 

Direct  Interelectrode  Capacitances:  Unshielded 

Grid  to  Plate  . . . . . •  • -  * . 

Grid  to  Cathode,  Heater,  and  Internal  Shield -  4.75 

Plate  to  Cathode,  Heater,  and  Internal  Shield  .  . .  3.3 

Grid  to  Heater  .  [j-28  max 

Plate  to  Cathode  . . . 

Cathode  to  Grid  . . .  g** 

Heater  to  Cathode  . . * .  2,5 


0.2 

±100  max 

Shielded 

0.48 

4.75 

4.3 

0.28  max 
0.21 
3.2 
2.5 


ampere 

volts 


pF 

pF 

pF 

PF 

pF 

pF 

pF 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Absolute-Maximum  Values) 

Plate  Supply  Voltage  . . . . . . 

550 

200 

volts 

volts 

—50 

volts 

20 

m  A 

2.2 

watts 

CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . 

Transconductance  . . 

Amplification  Factor  . 

Plate  Current  .  . 

....  135 

— 1 

....  13000 

70 

....  11 

135 

—3.1 

625 

135 

—5 

125 

135 

—4.5 

0.1 

volts 

volts 

jimhos 

mA 

MAXIMUM  CIRCUIT  VALUES 

Prt  4-Vi  a/Ia  TTnoInt*  PlPPtl  1  f  T?  PQ 1 Q fn  Upn 

0.02 

megohm 

\jfttnociG"iiGaiGr  uircuit  uuicc 

Grid-Circuit  Resistance  . 

i 

megohm 
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12E0 


DUAL  TRIODE  6FY7 

15FY7 

Duodecar  type  used  as  combined  vertical-deflection  os¬ 
cillator  and  vertical-deflection  amplifier  in  television 
receivers.  Triode  unit  No.!  is  used  as  an  oscillator, 
and  triode  unit  No.2  is  used  as  an  amplifier.  Outlines 
section,  8D;  requires  duodecar  12-contact  socket.  Type 
15FY7  is  identical  with  type  6FY7  except  for  heater 
ratings. 


6FY7 

15FY7 

Heater  Voltage  (ac/dc)  . . 

6.3 

14.7 

volts 

Heater  Current  . . . 

1.05 

0.45 

amperes 

Heater  Warm-up  Time  (Average)  . 

— 

11 

seconds 

Heater-Cathode  Voltage: 

Peak  value  . 

±200  max 

±200  max 

volts 

Average  value  . . 

100  max 

100  max 

volts 

Class  Ai  Amplifier 

CHARACTERISTICS 

Unit  No.l 

Unit  No.2 

Plate  Voltage  . . . 

250 

150 

volts 

Grid  Voltage  . 

— 3 

—17.5 

volts 

Amplification  Factor  . . . 

65 

6 

Plate  Resistance  (Approx.)  . . . 

40500 

920 

ohms 

Transconductance  . . 

1600 

6500 

/anhos 

Plate  Current  . . 

1.4 

35 

mA 

Grid  Voltage  (Approx.)  for  plate  current  of  30  juA  .  . 

— 5.5 

— 

volts 

Grid  Voltage  (Approx.)  for  plate  current  of  50  fiA  .  . 

— 

— 36 

volts 

Plate  Current  (Approx.)  for  grid  voltage  of  — 25  volts 

—• 

6 

mA 

Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line,  30-frame  system 

Unit  No.l 

Unit  No.2 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Oscillator 

Amplifier 

DC  Plate  Voltage  . 

330 

275 

volts 

Peak  Positive-Pulse  Plate  Voltage#  . 

— 

2000 

volts 

Peak  Negative-Pulse  Plate  Voltage  . .  .. 

—400 

—250 

volts 

Peak  Cathode  Current . .  .  .  . . . 

70 

175 

mA 

Average  Cathode  Current  . 

20 

50 

mA 

Plate  Dissipation  . 

1 

7f 

watts 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance  .  2.2  2.2  megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds), 
f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


6G6G 

6011 


BEAM  POWER  TUBE  6GBS 


9NH 


13GB5,  27GB5/PL500 

Neonoval  type  used  as  horizontal-deflection  amplifier 
in  television  receivers.  Outlines  section,  10E;  requires 
neonoval  9-contact  socket.  Typical  instantaneous  char¬ 
acteristics  (measured  with  recurrent  waveform  such 
that  maximum  ratings  are  not  exceeded) :  plate  volts, 
75;  grid-No.2  volts,  200;  grid-No.l  volts,  — 10;  plate 
mA,  440;  grid-No.2  mA,  37.  Types  13GR5  and  27GB5/ 
PL500  are  identical  with  type  6GB5  except  for  heater 
ratings. 


27GB5/ 

6GB5  13GB5  PL500 

Heater  Voltage  (ac/dc)  . .  6.3  13.3  27  volts 

Heater  Current  .  1.38  0.6  0.3  ..^amperes 

Heater-Cathode  Voltage :  - ,  :* 

Peak  value  . . .  ±250  max  ±250  max  ±250  max  volts 

Average  value  . *  *  "‘125  max  125  max  125  max  volts 
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Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Grid-No.2  (Screen-Grid)  Voltage  . . . 

Peak  Positive-Pulse  Plate  Voltage#  . .  • 

DC  Grid-No.2  (Screen-Grid)  Voltage . . 

Average  Cathode  Current  . . 

Plate  Dissipation-4  . * . 

Grid-No.2  Input"  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

Without  grid  current  . . .  . . *  * 

With  grid  current  (horizontal-output  service  only)  . . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

a  a  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation, 

*  Grid-No.2  input  may  reach  6  watts  for  plate-dissipation  values  below  11  watts. 


275 

7700 

275 

275 

17 

5 


0.5 

2.2 


volts 

volts 

volts 

mA 

watts 

watts 


megohm 

megohms 


6GC5  BEAM  POWER  TUBE 

Neonoval  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications  and  as  output  tube  in 
audio-amplifier  applications.  Outlines  section,  10D;  re¬ 
quires  neonoval  9 -contact  socket. 


9EU 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater-Cathode  Voltage: 

Peak  value  . 

Average  value  . . 

Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 - 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 


Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Plate  Dissipation  . 

Grid-No.2  Input  . 

TYPICAL  OPERATION  AND  CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . 

Peak  AF  Grid-No.l  Voltage  . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  . 

Plate  Resistance  (Approx.)  . 

Transconductance  .  . . 

Load  Resistance  . . . 

Total  Harmonic  Distortion . 

Maximum-Signal  Power  Output  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


110 
110 
—  7.5 

7.5 

49 

50 
4 

10 

13000 

8000 

2000 

10 

2.1 


6.3 

volts 

1.2 

amperes 

±200  max 

volts 

100  max 

volts 

0.9 

pF 

18 

pF 

7 

pF 

220 

volts 

140 

volts 

12 

watts 

1.4 

watts 

200 

volte 

125 

volts 

volts 

180 

ohms 

8.5 

volte 

46 

mA 

47 

mA 

2.2 

mA 

8.5 

mA 

28000 

ohms 

8000 

/nmhos 

4000 

ohms 

10 

per  cent 

3.8 

watts 

0.1 

megohm 

0.5 

megohm 

6GE5  BEAM  POWER  TUBE 

12GE5,  17GE5 

Duodecar  type  used  as  horizontal-deflection-amplifier 
tube  in  television  receivers.  Outlines  section,  15A;  re¬ 
quires  duodecar  12-contact  socket.  Types  12GE5  and 
17GE5  are  identical  with  type  6GE5  except  for  heater 
ratings. 


12BJ 
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Heater  Voltage  (ae/dc)  . . 

Heater  Current  .  . . . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage: 

Peak  value  . . . 

Average  value  . . . 


6GE5  12GE5 
6.3  12.6 
1.2  0.6 
—  11 

±200  max  ±200  max 
100  max  100  max 


Class  Ax  Amplifier 


Pentode 


CHARACTERISTICS  Connection 

Plate  Voltage  . 00  250 

Grid-No. 2  (Screen-Grid)  Voltage  . 150  150 

Grid-No.l  (Control-Grid)  Voltage  .  0  — 22.5 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  .  —  18000 

Transconductance  .  —  7300 

Plate  Current  .  345*  65 

Grid-No. 2  Current  .  27»  1.8 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  1  mA  .  —  • — 42 


17GE5 

16.8 

0.45 

11 

±200  max 
100  max 


Triode* 

Connection 

150 

150 

4.4 


volts 

amperes 

seconds 

volts 

volts 


volts 

volts 

volts 

ohms 

fimhos 

mA 

mA 

volts 


*  Grid  No.2  tied  to  plate. 

*  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 


DC  Plate  Supply  Voltage  .  770  volts 

Peak  Positive-Pulse  Plate  Voltage#  .  . . 6500  volts 

Peak  Negative-Pulse  Plate  Voltage  . . . .  — 1500  volts 

DC  Grid-No. 2  Voltage  . 220  volts 

Peak  Negative-Pulse  Grid-No.l  Voltage  .  — 330  volts 

DC  Grid-No.l  Voltage  . . —55  volts 

Peak  Cathode  Current  . 550  mA 

Average  Cathode  Current  . 175  mA 

Plate  Dissipation!  .  17.5  watts 

Grid-No.2  Input  . .  . . .  3.5  watts 

Bulb  Temperature  (At  hottest  point)  . 200  C 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l  Circuit  Resistance  .  1  megohm 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds), 
f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 
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1C 
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H 
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Duodecar  type  used  as  horizontal-deflection  amplifier 
in  television  receivers.  Outlines  section,  8D;  requires 
duodecar  12-contact  socket.  Heater:  volts  (ac/dc),  6.3; 
amperes,  1.2;  maximum  heater-cathode  volts,  ±200 
peak,  100  average. 


Class  A,  Amplifier 


CHARACTERISTICS 

Pentode 

Connection 

Triode* 

Connection 

Plate  Voltage  . 

60 

250 

150 

volts 

Grid-No.2  (Screen-Grid)  Voltage  . 

150 

150 

150 

volts 

Grid-No.l  (Control-Grid)  Voltage  . 

Amplification  Factor  . . 

0 

— 26.5 

4.2 

volts 

Plate  Resistance  (Approx.)  . 

— 

0.26 

— 

megohm 

Transconductance  .  . . 

— 

4700 

— - 

jumbos 

Plate  Current  .  .  .  . . .  . . . 

345* 

34 

— 

mA 

Grid-No.2  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

33* 

1.6 

— 

mA 

1  mA  . . . . 

*  Grid  No.2  connected  to  plate. 

—46 

volts 

•  These  values  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 
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Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 


DC  Plate  Supply  Voltage  . . .  770 

Peak  Positive-Pulse  Plate  Voltage#  .  5000 

Peak  Negative-Pulse  Plate  Voltage  .  — 1500 

DC  Grid-No.2  Voltage  . ...... . .  220 

Peak  Negative-Pulse  Grid-No,  1  Voltage  . .  — 330 

Negative  DC  Grid-No.l  Voltage  . .  — 55 

Peak  Cathode  Current  .  500 

Average  Cathode  Current  . 160 

Plate  Dissipation!  . 0 

Grid-No.2  Input  2.5 

Bulb  Temperature  (At  hottest  point)  .  200 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Cireuit  Resistance  .  1 


volts 

volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 


megohm 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


DUAL  TRIODE 


10GF7,  10GF7A, 

13GF7,  13GF7A 

Novar  types  used  as  combined  vertical-deflection  oscil¬ 
lator  and  vertical-deflection  amplifiers  in  color  and  9QD 

black-and-white  television  receivers.  Outlines  section,  11 A  and  30A,  re¬ 
spectively;  require  novar  9-contaet  socket.  For  curves  of  average  plate 
characteristics  for  Unit  No.  1  and  Unit  No.2,  refer  to  types  6DR7  (Unit 
No.l)  and  6EM7,  respectively.  Types  10GF7  and  10GF7A  and  types  13GF7 
and  13GF7A  are  identical  with  types  6GF7  and  6GF7A  except  for  heater 
ratings. 


6GF7 

6GF7A 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage: 

Peak  value  . 

Average  value  . , 

Direct  Interelectrode  Capacitances 

Grid  to  Plate  .  . . . 

Grid  to  Cathode  and  Heater  . . 
Plate  to  Cathode  and  Heater 


CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.) 
Transconductance  . 


6GF7  10GF7  13GF7 

6GF7A  10GF7A  13GF7A 

.  6.3  9.7  13 

.  0.985  0.6  0.45 

.  —  11  11 

.  ±200  max  ±200  max  ±200  max 

.  100  max  100  max  100  max 

(Approx.)  :  Unit  No.l  Unit  No.2 

.  .  . .  4.6  9 

. 2.4  6.5 

.  0.26  1.4 

Class  At  Amplifier 

Unit  No.l  Unit  No.2 

. .  250  150 

. —3  —20 

.  . . .  ..  64  5.4 

.  40000  750 

.  . .  1600  7200 


Grid  Voltage  (Approx.)  : 

For  plate  current  of  10  fL A  .  * — 5-5  — 

For  plate  current  of  100  (lA  . . —  — 45 

Plate  Current  . . 1.4  50 

For  plate  voltage  of  60  volts  and  zero  grid  voltage  —  95 

For  grid  voltage  of  — 28  volts  .  —  19 


volts 

ampere 

seconds 

volts 

volts 


volts 

volts 

ohms 

/jmhos 

volts 

volts 

mA 

mA 

mA 


Vertical-Deflection  Oscillator  and  Amplifier 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . . 

Peak  Positive-Pulse  Plate  Voltage 

(Absolute  Maximum)#  . . 

Peak  Negative-Pulse  Grid  Voltage  . 

Peak  Cathode  Current  . . . 

Average  Cathode  Current  . : . 

Plate  Dissipation  . . 


Unit  No.l 

Unit  No.2 

Oscillator 

Amplifier 

330 

330 

volts 

1500* 

volts 

—400 

—250 

volts 

77 

175 

mA 

22 

50 

mA 

1.5 

11 

watts 

Technical  Data 
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MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance : 

For  grid-resistor-bias  or  cathode-bias  operation  .  2.2  2.2  megohms 

•  Under  no  circumstances  should  this  absolute  value  be  exceeded. 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


Refer  to  chart  at  end  of  section. 


6GH8 


MEDIUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


6GH8A 

5GH8A 


Miniature  type  used  in  multivibrator-type  horizontal- 
deflection  circuits  and  for  age-amplifier  or  sync-sepa¬ 
rator  applications  in  color  and  black-and-white  tele¬ 
vision  receivers.  Outlines  section,  6B;  requires  minia¬ 
ture  9-contact  socket.  Type  5GH8A  is  identical  with 
type  6GH8A  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . .  4.7 

Heater  Current  . 0.6 

Heater  Warm-up  Time  (Average)  .  11 

Heater-Cathode  Voltage : 

Peak  value  . .  ±200  max 

Average  value  .  100  max 

Direct  Interelectrode  Capacitances :  Unshielded 

Triode  Unit : 

Grid  to  Plate  . . . .  1.7 

Grid  to  Cathode,  Heater,  Pentode  Grid  No.3, 

Pentode  Cathode,  and  Internal  Shield  .  3 

Plate  to  Cathode,  Heater,  Pentode  Grid  No.3, 

Pentode  Cathode,  and  Internal  Shield  .  1.4 

Heater  to  Cathode  .  3 

Pentode  Unit : 

Grid  No.l  to  Plate  .  0.02  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2, 

Grid  No.3,  and  Internal  Shield  . .  5 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . 2.6 

Heater  to  Cathode,  Grid  No.3,  and  Internal  Shield  3 

Class  Ax  Amplifier 

CHARACTERISTICS  Triode  Unit 

Plate  Voltage  .  125 

Grid-No. 2  Voltage  . , .  . .' !  '  !  !  !  !  ! !  I 

Grid-No.  1  Voltage  . 1 

Amplification  Factor  . . ’  ’  [  40 

Plate  Resistance  (Approx.)  .  5400 

Transconductance  .  . . ’  8500 

Plate  Current  . .  ...  *  13.5 

Grid-No. 2  Current  . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

10  n  A  .  — 8 


6GH8A 

6.3 

0.45 

11 


±200  max 
100  max 

Shielded 

1.7 

3.2 


1.9 

3 


0.01.  max 

5 

3.4 

3 


Pentode  Unit 
125 
125 
—1 

200000 

7500 

12 

4 

— 8 


volts 

ampere 

seconds 

volts 

voi^' 


pF 

pF 

pF 

pF 

pF 

pF 


pF 

pF 


volts 

volts 

volts 

ohms 

/unhos 

mA 

mA 

volts 
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Horizontal-Deflection  Oscillator 

For  operation  in  a  525-lin®,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid-No. 2  (Screen-Grid)  Voltage  . . . 

Grid-No.  1  (Control-Grid)  Voltage: 

Positive-bias  value  . 

Peak  negative  value  . . 

Peak  Cathode  Current  . . . 

Average  Cathode  Current  . . . . 

Plate  Dissipation  . . 

Grid-No.2  Input  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 

6GJ5  Refer  to  c 


Triode  Unit  Pentode  Unit 


330 

350 

volts 

— 

330 

volts 

0 

0 

volts 

—175 

volts 

_ 

300 

mA 

_ 

20 

mA 

2.5 

2.5 

watts 

0.55 

watt 

2.2 

2.2 

megohms 

2.2 

2.2 

megohms 

end  of 

section. 

6GJ5A 


BEAM  POWER  TUBE 


12GJ5A,  17G.I5A 

Novar  type  used  in  Mgh-effieiency  horizontal-deflec¬ 
tion-amplifier  circuits  of  television  receivers.  Outlines 
section,  32;  requires  novar  9-contact  socket.  For  curve 
of  average  characteristics  see  type  6GW6.  Types 
12GJ5A  and  17GJ5A  are  identical  with  type  6GJ5A  ex¬ 
cept  for  heater  ratings. 

6GJ5A 

. .  6.3 

.  1.2 


12GJ5A 

12.6 

0.6 

11 


17GJ5A 
16.8 
0.45 


11 


volts 
amperes 


seconds 


it 200  max 
100  max 


±200  max 
100  max 


±200  max 
100  max 

0.26 

15 

6.5 


Pentode  Connection 

250 


150 

0 


390* 

32" 


150 
—  22.5 

15000 

7100 

70 

2.1 

—42 


volts 

volts 

pF 

pF 

PF 


volts 

volts 

volts 

ohms 

/tmhos 

mA 

mA 

volts 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . •  •  •  ■  •  ■  •  •  ••  •  • 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  . . 

Class  Ai  Amplifier 

Triode 

CHARACTERISTICS  Connection 

Plate  Voltage  . 

Grid-No.2  Voltage  .  150 

Grid-No.  1  Voltage  .  .  .  . .  ~~2M 

Mu-Factor,  Grid  No.2  to  Grid  No.l  .  4.4 

Plate  Resistance  (Approx.)  .  . . 

Transconductance  . 

Plate  Current  .  ” 

Grid-No.2  Current  . 

Grid-No.  1  Voltage  for  plate  current  of  1  mA 

*  This  value  can  be  measured  by  a  method  involving  a  recu 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . . . . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Peak  Negative-Pulse  Plate  Voltage  . 

DC  Grid-No.2  Voltage  . . . 

DC  Grid-No. 1  Voltage  . •  •  ■ . 

Peak  Negative-Pulse  Grid-No.  1  Voltage  . 

Peak  Cathode  Current  . . 

Average  Cathode  Current  . 

Plate  Dissipation*  . 

Grid-No.2  Input  . .  •  . . . 

Bulb  Temperature  (at  hottest  point)  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance:  4  « 

For  grid-resistor-bias  operation*  . . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10 

•  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  exotat.on, 


rent  waveform  such  that  the 


770 

6500 

-1500 

220 

—55 

—330 

550 

175 

17.5 

3.5 

240 


volts 

volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 


megohm 

microseconds). 
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MEDIUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


6GJ  7 
6GJT/ 
ECF801 


Miniature  types  used  as  combined  oscillator  and  mixer 
tubes  in  color  and  black-and-white  television  receivers 
utilizing  an  intermediate  frequency  in  the  order  of 
40  MHZ.  Outlines  section,  6J;  require  miniature  9- 
contact  socket.  Type  8GJ7  is  identical  with  types 
6GJ7  and  6GJ7/ECF801  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . .  6.3  8.0  volts 

Heater  Current  .  0.41  0.3  ampere 

Peak  Heater-Cathode  Voltage4  . ±110  max  ±110  max  volts 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Triode  Unit  Pentode  Unit 

Plate-Supply  Voltage  . 600  600  volts 

DC  Plate  Voltage  .  140  275  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  .  —  600  volts 

DC  Grid-No.2  Voltage  .  —  275  volts 

DC  Grid-No.  1  (Control-Grid)  Voltage  .  —  — £0  volts 

Cathode  Current  .  22  20  mA 

Plate  Dissipation  . 1.8  2.4  watts 

Grid-No.2  Input®  . —  0.55  watt 

CHARACTERISTICS 

DC  Plate  Voltage  . 100  170  volts 

DC  Grid-No.2  Voltage  . —  120  volts 

DC  Grid-No. 1  Voltage  . . .  — 3  —1.2  volts 

Amplification  Factor  .  20  55* 

Plate  Resistance  (Approx.)  .  —  0.35  megohm 

Transconductance  .  9000  11000  yumhos 

Plate  Current  . 15  10  mA 

Grid-No.2  Current  .  —  3  mA 

Grid-No.  1  Voltage  for  grid-No.l  current  of  0.3  fiA  .  . .  —1.3  max  — 1.3  max  volts 

Grid-No.l-Circuit  Resistance: 

For  fixed-bias  operation  .  0.5  1  megohm 

For  cathode-bias  operation  . 0.5  2.2  megohms 

4  The  hum  should  be  minimized  in  intercarrier  applications  by  limiting  the  heater-cathode 
voltage  to  100  volts  rms,  and  in  AM  receivers  to  50  volts  rms. 

*  Grid  No.2  to  grid  No.l,  approximate  value. 

®  When  control-grid  bias  is  between  — 1.5  and  — 2  volts,  screen-grid  dissipation  is  limited 
to  0.50  watt.  When  this  bias  is  greater  than  — 2  volts,  maximum  screen-grid  dissipation 
is  0.36  watt. 


Refer  to  chart  at  end  of  section. 

„  HIGH-MU  TRIODE 


6GK5 


2GK5,  3G&5,  4GK5 

Miniature  type  with  frame  grid  used  as  grounded-cath¬ 
ode  rf -amplifier  tube  in  vhf  tuners  of  color  and  black- 
and-white  television  receivers.  Outlines  section,  5C;  re¬ 
quires  miniature  7-contact  socket.  Types  2GK5,  3GK5, 
and  4GK5  are  identical  with  type  6GK5  except  for 
heater  ratings. 


Heater  Voltage  (ac/dc)  .  2.3 

Heater  Current  .  0.6  0 

Heater  Warm-up  Time  (Average)  11 

Peak  Heater-Cathode  Voltage  ....  ±100  max  ±100  max 

Direct  Interelectrode  Capacitances  (Approx.) 

Grid  to  Plate  . . . . . 

Grid  to  Cathode,  Heater,  and  Internal  Shield 
Plate  to  Cathode,  Heater,  and  Internal  Shield 
Heater  to  Cathode  . . . 


4GK5  6GK5 

4.0  6.3 

0.3  0.18 

11  — 

±100  max  ±100  max 
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0  With  external  shield  connected  to  cathode,  except  as  noted. 

*  With  external  shield  and  internal  shield  connected  to  ground. 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid  Voltage: 

Negative-bias  value  . . . 

Positive-bias  value  . . 

Average  Cathode  Current  . 

Plate  Dissipation  . . . 

CHARACTERISTICS 

Plate  Voltage  . . . . 

Grid  Voltage  . . . . 

Amplification  Factor  . . . . 

Plate  Resistance  (Approx.)  . . . . 

Transconduetance  . . . . 

Plate  Current  . . . . . . . 

Input  Resistance*  . 

Input  Capacitance*  . . . *• . 

Noise  Figuref  . . . . . . 

Grid  Voltage  (Approx.)  for  transconductance  of  150  //.mhos  .  .  . 
Grid  Voltage  (Approx.)  for  transconductance  of  1500  //mhos  .  . 
MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  cathode-bias  operation  . 


200 

—50 

0 

22 

2.5 


135 
— ! 

78 

5400 

15000 

11.5 

275 

11.2 

4.7 

—4.2 

—2.5 


volts 

volts 

volts 

mA 

watts 


volts 

volts 


ohms 


/imhos 

mA 

ohms 

PF 


dB 


volts 

volts 


megohm 


•  Measured  at  200  MHz  with  heater  volts  =  6.3  and  plate  effectively  grounded  for  rf  voltages, 
t  For  a  neutralized  triode  amplifier  at  a  frequency  of  200  MHz  with  signal  source  impedance 
adjusted  for  minimum  noise  output. 


6GK6  POWER  PENTODE 

1GGK6,  16GK6 

Miniature  type  used  in  the  output  stage  of  audio  am¬ 
plifying  equipment  and  also  in  the  video  output  stage 
of  color  and  black-and-white  television  receivers.  Out¬ 
lines  section,  6G;  requires  miniature  9-contact  socket. 
Types  10GK6  and  16GK6  are  identical  with  type  6GK6 
except  for  heater  ratings. 


Heater  Voltage  (ae/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Peak  Heater-Cathode  Voltage 
Direct  Interelectrode  Capacitances: 


6GK6  1QG&6 
6.3  10.6 

0.76  0.45 

—  11 

±100  max  ±100  max 


Grid  No.l  to  Plate  . . •  •  •  VT 

Grid  No.l  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  S^iel'®^® . ,..%•>  . . .......... . 

Plate  to  Cathodtf^HPter.  Grid- No.2,  Grid  No.3,  and 
Internal  Shiel“ ! . .  V . 


H 


K  G3 

IS 


9GK 


16GK6 

16 

volts 

0.3 

ampere 

11 

seconds 

±100  max 

volts 

0.14  max 

pF 

10 

PF 

7 

pF 
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Class  A*  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  .  605  volts 

Plate  Voltage  . 330  volts 

Grid-No.2  Supply  Voltage  .  605  volts 

Grid-No.2  (Screen-Grid)  Voltage  .  330  volts 

Grid-No.l  (Control-Grid)  Voltage,  Negative-bias  value  . .  — 100  volts 

Cathode  Current  . 65  mA 

Plate  Dissipation  .  13.2  watts 

Grid-No. 2  Input,  Peak  .  4  watts 

Grid-No.  2  Input,  Average  . 2  watts 

CHARACTERISTICS  AND  TYPICAL  OPERATION 

Plate  Supply  Voltage  . 250  volt3 

Grid-No.2  Supply  Voltage  .  250  volts 

Cathode-Bias  Resistor  . .  135  ohms 

Mu-Factor,  Grid  No. 2  to  Grid  No.l  . . .  19 

Plate  Resistance  (Approx.)  . 38000  ohms 

Transconductance  . 11300  jumhos 

Peak  AF  Grid-No.l  Voltage  .  7.3  volts 

Zero-Signal  Plate  Current  . 48  mA 

Maximum-Signal  Plate  Current  . 50.6  mA 

Zero-Signal  Grid-No. 2  Current  . 5.5  mA 

Maximum-Signal  Grid-No. 2  Current  . 10  mA 

Effective  Load  Resistance  . . 5200  ohms 

Total  Harmonic  Distortion  .  10  per  cent 

Maximum-Signal  Power  Output  . . 5.7  watts 


Push-Puli  Glass  AB,  and  Class  B  Amplifier 

MAXIMUM  RATINGS  (Same  as  for  Class  At  Amplifier) 

TYPICAL  OPERATION  {Values  are  for  two  tubes) 


Class 

ABi 

Class 

B 

Plate  Voltage  . 

250 

300 

250 

300 

volts 

Grid-No.  2  Voltage  . 

250 

300 

250 

300 

volts 

Grid-No.l  Voltage  . . 

— 

— 

— 11.6 

-14.7 

volts 

Cathode-Bias  Resistor  . 

130 

130 

- — 

— 

ohms 

Peak  AF  Grid-No. 1-to-Grid-No.l  Voltage 

22.4 

28 

22.4 

28 

volts 

Zero-Signal  Plate  Current  . 

62 

72 

20 

15 

mA 

Maximum-Signal  Plate  Current  . 

75 

92 

75 

92 

mA 

Zero-Signal  Grid-No.2  Current  . 

7 

8 

2.2 

1.6 

mA 

Maximum-Signal  Grid-No.2  Current  .  . 

15 

22 

15 

22 

mA 

Effective  Load  Resistance  (plate  to  plate) 

8000 

8000 

8000 

8000 

ohms 

Total  Harmonic  Distortion  . 

3 

4 

3 

4 

per  cent 

Maximum-Signal  Power  Output  . 

11 

17 

11 

17 

watts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . 

0.3 

megohm 

For  cathode-bias  operation  . 

1 

megohm 
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6GL7 


DUAL  TRIODE 


Glass  type  used  as  combined  vertical-deflection-oscil¬ 
lator  and  vertical-deflection-amplifier  tube  in  color  and 
black-and-white  television  receivers.  Outlines  section, 
13B;  requires  octal  socket.  Heater:  volts  (ac/dc),  6.3; 
amperes,  1.05;  maximum  heater-cathode  volts,  ±200 
peak,  100  average. 

Class  Ai  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . . . 


8BD 


Grid  Voltage  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  .... 

Transconductance  . 

Plate  Current  . . . 

Grid  Voltage  (Approx.)  : 

For  plate  current  of  20  (JlA 
For  plate  current  of  200  fiA 


Unit  No.l 

Unit  No.2 

250 

175 

volts 

■ — 3 

— 25 

volts 

66 

5 

30000 

780 

ohms 

2200 

6400 

/tmhos 

2 

46 

mA 

— 5.3 

' _ 

volts 

— 

— 60 

volts 

Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line,  30-frame  system 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . . 

Peak  Positive-Pulse  Plate  Voltage  . 

Peak  Negative-Pulse  Grid  Voltage  . . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . . 

Plate  Dissipation"  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . . . 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle 
»  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


Unit  No.l 

Unit  No.2 

Oscillator 

Amplifier 

350 

550 

volts 

— 

1500# 

volts 

—400 

—250 

volts 

■  — 

175 

mA 

— 

50 

mA 

1 

10 

watts 

1 

1 

megohm 

2.2 

2.2 

megohms 

(2.5  milliseconds). 


6GM5 


POWER  PENTODE 


Neonoval  type  used  in  television  receivers  and  as 
power  amplifier  in  radio  receivers  and  audio  amplifiers.  IC( 

Outlines  section,  10D;  requires  neonoval  9-contact 
socket.  Heater:  volts  (ae/dc),  6.3;  amperes,  0.8;  maxi¬ 
mum  heater-cathode  volts,  ±200  peak,  100  average. 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Grid-No.  2  (Screen-Grid)  Voltage  . . . 

Cathode  Current  . . . .  .  .  . . .  . 

Plate  Dissipation  . . . . 

Grid-No. 2  Input  . 

TYPICAL  OPERATION  AND  CHARACTERISTICS 

Plate  Voltage  . . 

Grid-No.2  Voltage  . . . 

Grid-No. 1  (Control-Grid)  Voltage  . . . 

Peak  AF  Grid-No.l  Voltage  . . . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . . 

Maximum-Signal  Grid-No.2  Current  . . . 

Plate  Resistance  (Approx.)  .  . . . . . 

Transconductance  . . . . .  i . 

Load  Resistance  . . . . 

Total  Harmonic  Distortion  . . . ;  . 

Maximum-Signal  Power  Output  . . . . . 

*  Grid-No.2  input  may  reach  6  watts  during  peak  levels  of  speech  and  music  signals. 


m 

/ 

-|§ 

igj 

s) 

62 

9MQ 

p 

550 

volts 

440 

volts 

85 

mA 

19 

watts 

3.3* 

watts 

300 

volts 

300 

volts 

—10 

volts 

10 

volts 

60 

mA 

75 

mA 

8 

mA 

15 

mA 

29000 

ohms 

10200 

/{.mhos 

3000 

ohms 

13 

per  cent 

11 

watts 
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7CM 


SEMIREMOTE-CUTOFF 

PENTODE 


6GM6 

4GM6,  5GM6 


Miniature  type  used  in  gain-controlled  picture-if 
stages  of  color  and  black-and-white  television  receivers 
operating  at  intermediate  frequencies  in  the  order  of 
40  MHz.  Outlines  section,  5C;  requires  7-contact  socket. 
Types  4GM6  and  5GM6  are  identical  with  type  6GM6 
except  for  heater  ratings. 


Heater  Voltage  (ae/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  ...... - 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . 

Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2, 

Grid  No.3,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid 
and  Internal  Shield  .  . . 

^  With  external  shield  connected  to  cathode. 


4CMG 

5GM6 

6GM6 

4.2 

5.6 

6.3 

volts 

0.6 

0.45 

0.4 

ampere 

11 

11 

— 

seconds 

±200  max 

±200  max 

±200  max 

volts 

100  max 

100  max 
Unshielded 

100  max 

Shielded0 

volts 

. 

0.036  max 

0.026  max 

pF 

No.3, 

10 

10 

pF 

2.4 

3.4 

pF 

CSass  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . .  . . . 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value  .. 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No. 2  Voltage  .  . . . . . . . 

Grid-No. 1  (Control-Grid)  Voltage,  Positive-bias  value  .  . 

Plate  Dissipation  . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . . . 

For  grid-No.2  voltages  between  165  and  330  volts  .  . 


330  volts 

0  volts 

330  volts 

See  curve  page  96 
0  volts 

3.1  watts 

0.65  watt 

See  curve  page  96 


CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid  No.3  .  .  ,  . . 

. .  Connected 

125 

to  cathode 

volts 
at  socket 

Grid-No.2  Supply  Voltage  . .  . 

125 

56 

volts 

Plate  Resistance  (Approx.) 
Tvansmndm’ian^fi  . 

0.2 

13000 

megohm 

jumhos 

mA 

Plate  Current  . .  .  .  , 

14 

Grid-No.2  Current  . 

3.4 

mA 

Grid-No.  1  Voltage  (Approx.) 

for  transeonductance  of  60  /tmhos  . . 

— 15 

volts 

TYPE  66M6 

GRID  No.  3  and  internal  shield 
-  CONNECTED  TO  CATHODE  AT 
cnrgFT 

GRID -No.  2  VOLTS*  125 


l60  200  300  400 

PLATE  VOLTS 


02CS-I0390TI 
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6GN8 


HIGH-MU  TRIODE— 

SHARP-CUTOFF  PENTODE 

8GN8,  10GN8 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  Triode  unit  is  used  as 
sync-separator,  sync-clipper,  phase  inverter,  or  sound- 
if  amplifier;  Pentode  unit  is  used  in  output  stage  of 
video  amplifier.  Outlines  section,  6E;  requires  minia¬ 
ture  9-contact  socket.  For  direct  interelectrode  capaci¬ 
tances,  refer  to  type  6EB8;  curve  for  average  plate 
triode  unit  is  same  as  for  type  6EB8.  Types  8GN8  and  10GN8  are  identical 
with  type  6GN8  except  for  heater  ratings. 


characteristics  of 


6GN8 

6.3 

0.75 


±200  max 
100  max 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage: 

Peak  value  . . 

Average  value  . 

Class  A*  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . ■  ■  . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No. 2  Voltage  . •  -  ■. . :*  * 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . .  . . .  ■  •  ■ 

Grid-No.2  Input:  x 

For  grid~No.2  voltages  up  to  165  volts 
For  grid-No.2  voltages  between  165  and  330  volte 

CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . . 

Grid-No.  1  Voltage  . . 

Cathode-Bias  Resistor  . 

Amplification  Factor  . . . . 

Plate  Resistance  (Approx.)  . ■ . 

Transconductance  . 

Plate  Current  . 

Grid-No.2  Current  . . ■ 

Grid  Voltage  (Approx.)  for  plate  current  ot 

20  m A  . ................ 

Grid-No. X  Voltage  (Approx.)  for  plate  current 

of  100  nA  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . . . . 

For  cathode-bias  operation  . 

*  This  value  can  be  measured  by  a  method  involving  a 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


8GN8 

8 

0.6 

11 

±200  max 
100  max 


10GN8 
10.5 
0.45 
11 

±200  max 
100  max 


volts 

ampere 

seconds 

volts 
volte 


Triode  Unit 
330 


Triode  Unit 
250 


— 2 


Pentode  Unit 
330 
330 

See  curve  page  96 
0 
5 

1.1 

See  curve  page  96 

Pentode  Unit 


100 

37000 

2700 

2 


60 

150 

0 


55  * 
18* 


200 

150 


100 


60000 

11500 

25 

5.5 


Triode  Unit 


0.5 

1 


— ■  —10 

Pentode  Unit 


0.25 

1 


volte 

volts 


volt 

watts 


volts 

volts 

volte 

ohms 

ohms 

//mhos 

mA 

mA 

volts 

volte 


megohm 

megohm 


rent  waveform  such  that  the 


Technical  Data 


281 


9QM 


6GQ7 

TRIPLE  DIODE  19GQ7 

Miniature  type  used  in  AM/FM  radio  receivers  as  a 
combination  FM  discriminator  and  AM  detector  tube. 
Outlines  section,  6B;  requires  miniature  9 -contact 
socket.  Type  19GQ7  is  identical  with  type  6GQ7  except 
for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . 

Heater-Cathode  Voltage : 

Peak  value  .  . . . 

Average  value  . . 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Voltage  . 

AC  Plate  Voltage  . 

AC  Plate  Current  . . . 

DC  Output  Current  . . 

Minimum  Total  Effective  Plate  Supply  Impedance 
CHARACTERISTICS  (Each  Diode  Unit) 

Tube  Voltage  Drop  for  plate  current  of  60  mA  .  . 


6GQ7 

6.3 

19GQ7 

18.9 

volts 

0.45 

0.15 

ampere 

4-200,  - 

—300  max 

volts 

100  max 

volts 

330 

volts 

117 

volts 

54 

mA 

9 

mA 

300 

ohms 

10 

volts 

BEAM  POWER  TUBE 


6GT5 

6GT5A 


12GTS 

17GT5,  17GT5A 

Novar  types  used  as  horizontal-deflection  amplifiers  in 
television  receivers.  Outlines  section,  17B  and  31A,  re¬ 
spectively;  require  novar  9-contact  socket.  For  curve  of 
average  characteristics,  refer  to  type  6GW6.  Type  12GT5  and  types  17GT5 
and  17GT5A  are  identical  with  types  6GT5  and  6GT5A  except  for  heater 
ratings. 


6GT5 

6GT5A 

6.3 

1.2 


Heater  Voltage  (ac/dc)  . . . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . ±200  max 

Average  value  .  100  max 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 

Class  A,  Amplifier 

Triode 

CHARACTERISTICS  Connection 

Plate  Voltage  .  150 

Grid-No.2  (Screen-Grid)  Voltage  .  150 

Grid-No.l  (Control-Grid)  Voltage  . . .  —22.5 

Mu  Factor,  Grid  No, 2  to  Grid  No.l  .  4.4 

Plate  Resistance  (Approx.)  . — 

Transconductance  . — 

Plate  Current  . —~ 

Grid-No.2  Current  . — 

Grid-No.l  Voltage  (Approx.)  for  plate  current 
of  1  mA  ,  . . . . ■  .  .  __ 


12GT5 

12.6 

0.6 

11 


17GT5 
17  GTS  A 

16.8  volts 

0.45  amperes 

11  seconds 


±200  max 
100  ipax 


±200  max 
100  max 

0.26 

15 

6.5 


volts 

volts 

pF 

pF 

pF 


Pentode 

Connection 


60 

150 

0 


390* 

32* 


250 

150 

—22.5 

15000 

7100 

70 

2.1 

-42 


volts 

volts 

volts 

ohms 

jumhos 

mA 

mA 

volts 


*  These  values  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
plate  dissipation  and  grid-No.2  input  will  not  exceed  their  maximum  ratings. 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . . 

Peak  Positive-Pulse  Plate  Voltage#  . . . . 


770 

6500 


volts 

volts 
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Peak  Negative-Pulse  Plate  Voltage  . - 

DC  Grid-No. 2  Voltage  . 

DC  Grid-No.l  Voltage  . . 

Peak  Negative-Pulse  Grid-No.l  Voltage  . • . 

Peak  Cathode  Current  . . 

Average  Cathode  Current  . 

Plate  Dissipation*  . . . 

Grid-No.2  Input  . . . . . 

Bulb  Temperature  (At  hottest  point)  . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance,  For  grid-resistor-bias  operation*  - 


• — 1500 

volts 

220 

volts 

— 55 

volts 

— -330 

volts 

550 

mA 

175 

mA 

17.5 

watts 

3.5 

watts 

240 

°C 

1 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

*  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


6GU5  beam  hexode 

2CSU5 


Miniature  type  used  as  rf  amplifier  in  vhf  television 
receivers.  Outlines  section,  5C;  requires  miniature  7- 
contact  socket.  Type  2GU5  is  identical  with  type  6GU5 
except  for  heater  ratings. 


7GA 


2GU5 


Heater  Voltage  (ac/dc)  .......  . . . . .  *  •  * 

Heater  Current  . .  .  .  .  . . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 

Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No. 3, 


2.4 

0.6 

11 

dr 200  max 
100  max 


and  Grid  No.4  . .  .  . . . . .  •  *  ■  ■;  *  ■  •  ■  ■ 

Plate  to  Cathode*  Heater,  Grid  No.2,  Grid  No.3,  and  Grid  No.4 


6GIT5 

6.3 

0.22 


dr200  max 
100  max 

0.018 

7 

3.2 


Glass  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No. 3  (Screen-Grid)  Voltage: 

DC  Grid-No.l  (Control-Grid)  Voltage: 

Positive-bias  value  . . ... . 


Negative-bias  value  .  .  .  . 

— 

20 

3 

0.15 

CHARACTERISTICS 

135 

275 

135 

135 

Grid-No.l  Voltage  . 

Plate  Resistance  (Approx.) 
Transconductance 

—0.4 

0.67 

15000 

—0.4 

0.165 

15500 

Plotp  r.nvvont. 

0 

10 

Grid-No.  3  Current  . . 

Grid-No.l  Voltage  (Approx.) 

1  OH  /jTYiVmfi 

for  transconductance  of 

0.25 

—6.2 

0.17 

—6.5 

/xxuuuo  . . .  ■ 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1 -Circuit  Resistance, 

for  fixed-bias  operation  . 

0.5 

volts 

ampere 

seconds 


volts 

volts 

pF 


pF 

pF 


volts 

volts 

volts 

volts 

mA 

watts 

watts 


volts 

volts 

volts 

megohms 

^mhos 

mA 

mA 

volts 


megohm 


6GU7  MEDIUM-MU  TWIN  TRIODE 


Miniature  type  used  in  the  matrixing  circuits  of  color 
and  black-and-white  television  receivers  and  in  phase- 
inverter,  multivibrator,  and  general-purpose  amplifier 
applications.  Outlines  section,  6E;  requires  miniature 
9-contact  socket. 


91 P 
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Heater  Voltage  (ac/dc)  . 

Heater  Current  . - . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . .  . . ■  ■  . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  to  Plate  . 

Grid  to  Cathode  and  Heater  . . 

Plate  to  Cathode  and  Heater  . 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  . 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . . . * 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid  Voltage  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . 

Plate  Current  . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  50  a  A  ... 

Plate  Current  for  grid  voltage  of  — 14  volts  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  fixed-bias  operation  . 


Unit  No.l 
3 
3.4 
0.44 


1 


6.3 

0.6 

11 

±200  max 
100  max 
Unit  No.2 
3 
3.6 
0.34 


330 

0 

3 


250 
— 10.5 
17 
5500 
3100 
11.5 
—23 
4 


1 


PLATE  VOLTS 


92CS-H966TI 


volts 

ampere 

seconds 

volts 

volts 

pF 

pF 

pF 

pF 


volts 

volts 

watts 

volts 

volts 

ohms 

/tmhos 

mA 

volts 

mA 

megohm 


H  H 


12DR 


BEAM  POWER  TUBE  6GV5 

17GV5 

Duodecar  type  used  as  horizontal-deflection  amplifier 
in  television  receivers.  Outlines  section,  16 A;  requires 
duodeear  12-contact  socket.  Type  17GV5  is  identical 
with  type  6GV5  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . 


6GV5  17GV5 
6.3  16.8  volts 

1,2  0.45  amperes 

—  11  seconds 

±200  max  ±200  max  volts 

100  max  100  max  volts 


Class  Aj  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Voltage 
Grid-No.  1  (Control-Grid)  Voltage 


Pentode  Connection 
5000  60  250 

150  150  150 

—  0  —22.5 


Triode* 

Connection 

150 

150 

—22.5 


volts 

volts 

volts 
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Plate  Resistance  (Approx.)  .  — 

— 

18000 

— 

ohms 

Transconductance  .  — 

Amplification  Factor  . .  — 

— . 

7300 

4.4 

/imhos 

Plate  Current  .  • — • 

345* 

65 

— . 

mA 

Crid-No.2  Current  . .  — 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

27- 

1.8 

— . 

mA 

of  1  mA  .  — 100 

*  Grid  No.2  tied  to  plate. 

—42 

volts 

*  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . . . . . . . 

Peak  Positive-Pulse  Plate  Voltage#  . . . . 

Peak  Negative-Pulse  Plate  Voltage  . 

DC  Grid-No. 2  Voltage  . . 

Peak  Negative-Pulse  Grid-No.l  Voltage  . . 

DC  Grid-No.l  Voltage  . . . . . 

Peak  Cathode  Current  . . . 

Average  Cathode  Current  . . . . 

Plate  Dissipation!  . 

Grid-No.  2  Input  . . 

Bulb  Tempei'ature  (At  hottest  point)  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . . 


770 

volts 

6500 

volts 

—1500 

volts 

220 

volts 

—330 

volts 

—55 

volts 

550 

mA 

175 

mA 

17.5 

watts 

3.5 

watts 

220 

°C 

1 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds), 
f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


6GV8 

9GV8 


HIGH-MU  TRIODE— 
POWER  PENTODE 


Miniature  type  used  for  sync-amplifier  and  video-out¬ 
put  applications  in  television  receivers.  Outlines  sec¬ 
tion,  6G;  requires  miniature  9-contact  socket.  Type 
9GV8  is  identical  with  type  6GY8  except  for  heater 
ratings. 


9LY 


Heater  Voltage  (ac/dc)  . . . . 

Heater  Current  . . . . 

Peak  Heater-Cathode  Voltage  . . . 

Class  Al  Amplifier 

MAXIMUM  RATINGS  (Absolute-Maximum  Values) 

Plate  Supply  Voltage  . . . . . 

Peak  Plate  Voltage0  . . . . . . 

DC  Plate  Voltage  . . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . . 

Peak  Cathode  Current*8  . . . . . 

Average  Cathode  Current  . . . . 

Plate  Dissipation  . . . . . . . 

Grid-No.2  Input  . . . . . 

CHARACTERISTICS 

Plate  Voltage  . . . . 

Grid-No.2  Voltage  . . . . 

Grid-No.l  Voltage  .  . . . . . . . 

Amplification  Factor  . . 

Mu-Factor,  Grid  No.l  to  Grid  No.2  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . 

Plate  Current  . 

Grid-No.2  Current  . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance: 

For  fixed-bias  operation  . . . . 

For  cathode-bias  operation  . . 


6GV8 

9GV8 

6.3 

9.5 

volts 

0.9 

0.6 

ampere 

±220  max 

±220  max 

volts 

Triode  Unit 

Pentode  Unit 

550 

550 

volts 

" 

2000 

volts 

250 

250 

volts 

— 

550 

volts 

— 

250 

volts 

200 

mA 

15 

75 

mA 

0.5 

7 

watts 

— • *•  ■ 

2 

watts 

100 

50 

65  170 

volts 

— 

170 

210  170 

volts 

—0.8 

— 1 

—1  —15 

volts 

50 

— 

— -  — 

7600 

_ 

—25000 

ohms 

6500 

7500 

jumbos 

5 

200* 

240*  41 

mA 

— 

40* 

50*  2.7 

mA 

1 

1 

megohm 

3.3 

2.2 

megohms 

°  Maximum  pulse  duration  5  per  cent  of  a  cycle  with  a  maximum  of  1  millisecond. 

*  Maximum  pulse  duration  200  microseconds.  If  a  larger  flyback  is  required,  this  value  may 
be  reduced  to  100  mA  with  a  maximum  pulse  duration  of  400  mici^^^uds. 

•  This  value  can  be  measured  by  a  method  involving  a  recurrent  ^rag§I&>rm  such  that  the 
maximum  tube  ratings  will  not  be  exceeded. 
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Refer  to  chart  at  end  of  section. 


6GW6 


BEAM  POWER  TUBE 


6GW6/ 

6DQ6B 


6AM 


12GW6/12DQ6B 

17GW6/17DQ6B 

Glass  octal  type  used  as  horizontal-deflection  amplifier 
in  high-efficiency  deflection  circuits  of  television  re¬ 
ceivers.  Outlines  section,  20;  requires  octal  socket. 
Types  12GW6/12DQ6B  and  17GW6/17DQ6B  are  iden¬ 
tical  with  type  6GW6/6DQ6B  except  for  heater  rat¬ 
ings. 


Heater  Voltage  ac/dc)  . .  • 

Heater  Current  . 

Heater  Warm-up  Time  Average)  . . . 

Heater-Cathode  Voltage: 

Peak  value  . . . 

Avei-age  value  . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 
Grid  No.l  to  Plate  . 


6GW6/ 

6BQ6B 

6.3 

12GW6/ 

12BQ6B 

12.6 

17GW6/ 

17DQ6B 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

— 

11 

11 

seconds 

±200  max 

±200  max 

±200  max 

volts 

100  max 

100  max 

100  max 

volts 

0.5 

pF 

Grid  No.  3 

17 

pF 

rid  No. 3  . 

7 

pF 

Class  Ai  Amplifier 


CHARACTERISTICS 


Plate  Voltage  . . 

Grid-No.2  Voltage  . . 

Grid-No. 1  Voltage  . 

Mu-factor,  Grid  No.2  to  Grid  No.l  . ;  .  .  .  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . 

Plate  Current  . . 

Grid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

1  mA  . . 

*  This  value  can  be  measured  by  a  method  involv 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Triode 

Connection 

160 

Pentode  Connection 
60  250 

volts 

150 

160 

150 

volts 

—22.6 

0 

— r22.5 

volts 

4.4 

— 

15000 

ohms 

— 

— 

7100 

/imhos 

— 

390* 

70 

mA 

~~ 

32* 

2.1 

mA 

_ 

— 

— 42 

volts 

ng  a  recurrent  waveform  such 

that  the 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  20-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . .  770 

Peak  Positive-Pulse  Plate  Voltage#  . . . .  6500 

Peak  Negative-Pulse^fiate  Voltage  .  —1600 

DC  Grid-No.2  (ScrJHKd)  Voltage  . .  . . .  220 

DC  Grid-No.l  (ConHmffid)  Voltage  . .  —55 

Peak  Negative-Puls€^5nd-No.l  Voltage  . .  —330 


volts 

volts 

volts 

volts 

volts 

volts 
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Peak  Cathode  Current  . . . . 

Average  Cathode  Current  . . . . . . 

Plate  Dissipation*  . 

Grid -No.  2  Input  . . . . . . . . 

Bulb  Temperature  (At  hottest  point)  . . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  l-C  ircuit  Resistance,  For  grid-resistor-bias  operation 


550 

mA 

175 

mA 

17.5 

watts 

3.5 

watts 

240 

°C 

1 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

*  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


6GW8/  HIGH-MU  TRIODE— 

ECL86  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  preamplifier  and  audio  output 
stages  of  audio  equipment  and  television  receivers. 

Outlines  section,  6G;  requires  miniature  9-contact 
socket.  Heater:  volts  (ac/dc),  6.3;  amperes,  0.7;  maxi¬ 
mum  heater-cathode  volts,  100  peak.  9LZ 


Class  Ax  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Triode  Unit 

Pentode  Unit 

Plate  Supply  Voltage  . 

550 

550 

volts 

Plate  Voltage  . 

300 

300 

volts 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

— 

550 

volts 

Grid-No.2  Voltage  . . . 

—  ■ 

300 

volts 

Grid-No.l  (Control-Grid)  Voltage,  Negative-bias  value 

—1.3 

—1.3 

volts 

Cathode  Current  . . 

4 

55 

mA 

Plate  Dissipation  . 

0.5 

9 

watts 

Grid-No.  2  Input  . 

CHARACTERISTICS 

” 

1.5 

watts 

Plate  Voltage  . . . 

250 

250 

volts 

Grid-No.2  Voltage  . 

— 

250 

volts 

Grid-No.l  Voltage  . 

—1.9 

—1 

volts 

Amplification  Factor  . 

100 

21* 

ohms 

Plate  Resistance  (Approx.)  . 

— 

45000 

Transconductance  . 

1600 

10000 

/imhos 

Plate  Current  . . . . . . . 

1.2 

36 

mA 

Grid-No.2  Current  . . . 

MAXIMUM  CIRCUIT  VALUES 

6 

mA 

Grid-No.l -Circuit  Resistance,  for  fixed-bias  operation 
*  Grid  No.2  to  grid  No.l. 

1 

0.5 

megohm 

6GY8  Refer  to  chart  at  end  of  section. 


6GX6  SHARP-CUTOFF  PENTODE 

SGX6 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receivers  and  for  FM  sound-detector  service  in 
locked-oscillator,  quadrature-grid  FM  detector  cir¬ 
cuits  as  combined  detector,  limiter,  and  audio-voltage 
driver.  Tube  has  two  independent  control  grids.  Out¬ 
lines  section,  5C;  requires  miniature  7-contact  socket. 
Type  5GX6  is  identical  with  type  6GX6  except  for 
heater  ratings. 


5GX6 

Heater  Voltage  (ac/dc)  .  4.7 

Heater  Current  . . 0.6 

Heater  Warm-up  Time  (Average)  . 11 

Heater-Cathode  Voltage: 

Peak  value  .  ±200  max 

Average  value  .  100  max 


Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  .  . . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3,  and 

Internal  Shield  . . 

Grid  No.l  to  Grid  No.3  . . 


6GX6 

6.3 

0.45 

11 

±200  max 
100  max 

0.026 

-8 

^  0.12 


volts 

ampere 

seconds 


volts 

volts 


PF 


pS 

pF 


db)  OR  GRID-No.  2  ilCz) 
MILLIAMPERES 
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Grid  No. 3  to  Plate  .  1.6  pF 

Grid  No. 3  to  Cathode,  Heater,  Grid  No.l,  Grid  No.2,  Plate, 
and  Internal  Shield  . .  6.5  pF 

Class  A,  Amplifier 

CHARACTERISTICS 

Plate  Supply  Voltage  . 150  volts 

Grid-No.3  Supply  Voltage  . 0  volts 

Grid-No.2  Supply  Voltage  .  100  volts 

Grid-No. 1  Supply  Voltage  .  0  volts 

Cathode-Bias  Resistor  . 180  ohms 

Plate  Resistance  (Approx.)  .  0.14  megohm 

Transconductance,  grid  No.l  to  plate  .  3700  gmfoos 

Transconductance,  grid  No. 3  to  plate  . 750  /(.mhos 

Plate  Current  .  3.7  mA 

Grid-No.2  Current  .  3  mA 

Grid-No. 3  Supply  Voltage  (Approx.)  for  plate  current  of  20  fiA  .  .  — 7  volts 

Grid-No.  1  Supply  Voltage  (Approx.)  for  plate  current  of  20  / lA  . .  * — 4.5  volts 

m  Sound  Detector 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  300  volts 

Grid-No.3  (Control-Grid)  Voltage: 

Negative  value  (dc  and  peak  ac)  . . .  — -100  volts 

Positive  value  (dc  and  peak  ac)  . . .  —  25  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 300  volts 

Grid-No.2  Voltage  . . . . .  See  curve  page  96 

Grid-No. 1  (Control-Grid)  Voltage: 

Negative-bias  value  .  — 50  volts 

Positive-bias  value  .  0  volts 

Plate  Dissipation  .  1.7  watts 

Grid-No,  3  Input  . 0.1  watt 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  .  1.0  watt 

For  grid-No.2  voltages  between  150  and  300  volts  .  See  curve  page  96 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  3-Circuit  Resistance  . 0.68  megohm 

Grid-No.  1 -Circuit  Resistance: 

For  fixed-bias  operation  . 0.22  megohm 

For  cathode-bias  operation  .  0.47  megohm 


PLATE  VOLTS  92CS-ii002T 


PLATE  VOLTS 


;p  MEDIUM-MU  TRIODE—  £f%Y7 

SHARP-CUTOFF  PENTODE  DV7A/ 

4GX7,  5GX7 

Miniature  type  used  as  combined  oscillator-mixer  tube 
pt  in  vhf  tuner  circuits  of  color  and  black-and-white  tele- 
i  vision  receivers.  Outlines  section,  6B;  requires  minia- 
3t  ture  9-contact  socket.  Types  4GX7  and  5GX7  are  iden¬ 
tical  with  type  6GX7  except  for  heater  ratings. 


Heater  Voltage  (ac/dc) 

Heater  Current  . 

Heater  Warm-up  Time 


5GX7  6GX7 
5.6  6.3 

0.45  0.4 

11  — 
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Heater-Cathode  Voltage: 

Peak  value  . . ... .  ±200  max  ±200  max 

Average  value  .  100  max  100  max 

Direct,  Interelectrode  Capacitances 
Triode  Unit : 

Grid  to  Plate  . 

Grid  to  Cathode,  Heater,  Pentode  Cathode,  Grid  No.3, 

and  Internal  Shield  . . 

Plate  to  Cathode,  Heater,  Pentode  Cathode,  Grid  No.3, 

and  Internal  Shield  . 

Pentode  Unit: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . .  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . . 

Grid  No.l  to  Grid  No.2  . 


±200  max 

volts 

100  max 

volts 

1.2 

pF 

2.3 

pF 

1.9 

pP 

0.005 

pF 

5.4 

pF 

3.3 

pF 

1.6 

pF 

**  With  external  shield  connected  to  cathode. 

Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid~No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No. 2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage : 

Positive-bias  value  . . 

Negative-bias  value  . 

Cathode  Current  . 

Plate  Dissipation  . . . 

Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  137.5  volts  . 

For  grid-No.2  voltages  between  137.5  and 

275  volts  . 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  .  . . 

Grid-No.l-Circuit  Resistance  . 

Amplification  Factor  . 

Plate  Resistance  . 

Transconductance  . . 

Plate  Current  . 

Grid-No.2  Current  . . 

Grid-No.l  Voltage  for  plate  current 

of  20  jtiA  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . 


Triode  Unit  Pentode  Unit 
275  275 

—  275 

—  See  curve  page  96 


0 

—40 

20 

1,5 


0 

—40 

20 

2.2 

0.45 

See  curve  page  96 


volts 

volts 


volts 

mA 

watts 


Triode 

100 

Unit 

125 

Pentode  Unit 

120  125 

volts 

90 

125 

volts 

_ 

—1 

—1 

volt 

0.1 

0.1 

— 

megohm 

40 

4700 

— 

200000 

ohms 

8700 

8500 

13000 

11000 

fim  hos 

12.5 

18 

8.5 

8.0 

mA 

— ■ 

2.8 

2.5 

mA 

— 6 

— 

—2.5 

— 

volts 

Triode  Unit 
0.5 
1.0 


Pentode  Unit 

0.25 
0.5 


megohm 

megohm 


6GY5 

16GY5,  21GYS 


BEAM  POWER  TUBE 


Duodecar  type  used  as  horizontal-deflection  amplifier 
in  television  receivers.  Outlines  section,  16 A;  requires 
duodecar  12-contact  socket.  Types  16GY5  and  21GY5 
are  identical  with  type  6GY5  except  for  heater  ratings. 


NC  02 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


6GY5 

6.3 

1.5 


.  ±200  max 

.  100  max 

Class  Al  Amplifier 


16GY5 

15.8 

0.6 

11 

±200  max 
100  max 


21GY5 

21  volts 

0.45  amperes 
11  seconds 

±200  max  volts 
100  max  volts 


CHARACTERISTICS 


Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage  .... 


Pentode  Connection 
5000  60  130 

130  130  130 

—  0  —20 


Triodef 

Connection 

130 

130 

—20 


volts 

volts 

volts 
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Amplification  Factor  . . . 

4.7 
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Plate  Resistance  (Approx.)  . 

- — . 

— . 

11000 

.  — 

ohms 

Transconductance  . 

— 

— 

9100 

— , 

jttmhos 

Plate  Current  . . . 

— - 

410** 

50 

— 

mA 

Grid-No.2  Current  . 

— , 

24** 

1.75 

— . 

mA 

Grid-No.l  Voltage  (Approx.)  for  plate 
current  of  1  (i A  . 

— 66 

— 

—33 

— 

volts 

*#  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded, 
f  Grid  No. 2  tied  to  plate. 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . . 

Peak  Positive-Pulse  Plate  Voltage#  . . 

Peak  Negative-Pulse  Plate  Voltage  . . 

DC  Grid-No. 2  Voltage  . . 

DC  Grid-No.  1  Voltage  . . . 

Peak  Negative-Pulse  Grid-No.l  Voltage  . 

Peak  Cathode  Current  . .  . . . . . 

Average  Cathode  Current  . . . 

Plate  Dissipationff  . 

Grid-No. 2  Input  . . . 

Bulb  Temperature  (At  hottest  point)  . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . . . . 


770 

volts 

6500 

volts 

-1500 

volts 

220 

volts 

—55 

volts 

—330 

volts 

800 

mA 

230 

mA 

18 

watts 

3.5 

watts 

220 

1 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds), 
ff  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


7EN 


SHARP-CUTOFF  PENTODE  6GY6 

Miniature  type  used  in  gated-ag'c-amplifier  circuits  and 
as  a  noise-inverter  tube  in  color  and  black-and-white 
television  receivers.  Tube  has  two  independent  control 
grids.  Outlines  section,  5C;  requires  miniature  7-con¬ 
tact  socket.  For  curves  of  average  characteristics,  refer 
to  type  6GX6. 


Heater  Voltage  (ac/dc)  . . . . . . 

Heater  Current  .  .  . . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage: 

Peak  value  . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.8,  and 

Internal  Shield  . . . . 

Grid  No.l  to  Grid  No.3  . . . . . . 

Grid  No.3  to  Plate  . . . . . 

Grid  No.3  to  Cathode,  Heater,  Plate,  Grid  No.l,  Grid  No. 2, 
and  Internal  Shield  . . . 


Class  Ai  Amplifier 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . . . 

Grid-No.3  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . 

Grid-No.l  Supply  Voltage  . . 

Cathode-Bias  Resistor  . .  . . . . . . 

Plate  Resistance  (Approx.)  . . . . 

Transconductance,  Grid  No.l  to  Plate  . 

Transconductance,  Grid  No.3  to  Plate  . . . 

Plate  Current  ... . , , , . . . . . . . 

Grid-No.2  Current  . . . . . . 

Grid-No.3  Supply  Voltage  (Approx.)  for  plate  current  of  20  n A  . . 
Grid-No.l  Supply  Voltage  (Approx.)  for  plate  current  of  20  iiA  .* 


6.3 

volts 

0.45 

ampere 

11 

seconds 

±200  max 

volts 

100  max 

volts 

0.026 

pF 

8 

pF 

0.12 

PF 

1.6 

pF 

6.5 

pF 

150 

volts 

0 

volts 

100 

volts 

0 

volts 

180 

ohms 

0.14 

megohm 

3700 

/imhos 

750 

/*mhos 

3.7 

mA 

3 

mA 

“7 

volts 

— 4.5 

volts 
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Gated  AGC  Amplifier  and  Noise  Inverter 


For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Peak  Positive-Pulse  Plate  Voltage#  . • . 

Grid-No.3  (Control-Grid)  Voltage: 

Negative-bias  value  . 

Positive-bias  value  . . . . * 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No. 2  Voltage  . ** 

Grid-No.l  (Control-Grid)  Voltage: 

Negative-bias  value  . . . . . . . . 

Positive-bias  value  . - 

Plate  Dissipation  . . . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . * 

For  grid-No.2  voltages  between  150  and  300  volts  . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.3-Circuit  Resistance  . * 

Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . 


300 

volts 

600 

volts 

-100 

volts 

0 

volts 

300 

volts 

See  curve  page  96 

—50 

volts 

0 

volts 

1.7 

watts 

1 

watt 

See  curve  page  96 

0.68 

megohm 

0.22 

megohm 

0.47 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


6GZ5  POWER  PENTODE 

4GZ5 


Miniature  type  used  in  audio  output  stages  of  radio 
and  television  receivers.  Outlines  section,  5C;  requires 
miniature  7-contact  socket.  Type  4GZ5  is  identical  with 
type  6GZ5  except  for  heater  ratings. 


Gi 

7CV 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . . 

Class  A,  Amplifier 


4GZ5  6GZ5 
4  6.3 

0.6  0.38 

11  — 

±200  max  ±200  max 
100  max  100  max 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Average  Cathode  Current  . 

Plate  Dissipation  . 

Grid-No.2  Input  . „ . 

Bulb  temperature  (At  hottest  point)  . . 


300 

300 

0 

30 

4.8 

1.1 

200 


TYPICAL  OPERATION 

Plate  Supply  Voltage . 

Grid-No.2  Supply  Voltage  . 

Cathode-Bias  Resistor  . 

Peak  AF  Grid-No.l  Voltage . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current 

Zero- Signal  Grid-No.2  Current . 

Maximum-Signal  Grid-No.2  Current 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Load  Resistance  . 

Total  Harmonic  Distortion . 

Maximum-Signal  Power  Output 
MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1 -Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  .... 

•  Bypassed. 


250 

250 

270 

9.8 

16 

16 

2.7 

5 


15000 

10 

1.8 


250 

260 

270* 

2 

16 

16 

2.7 

5 

0.15 

8400 

15000 

10 

1.1 


0.5 

1 


6H6  Refer  to  chart  at  end  of  section* 


6H6GT  Refer  to  chart  at  end  of  section* 


volts 

ampere 

seconds 

volts 

volts 


volts 

volts 

volts 

mA 

watts 

watts 

°C 


volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 
megohm 
/anhos 
ohms 
per  cent 
watts 


megohm 

megohm 
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HIGH-MU  TRIOOE  6HA5 

2HA5,  4HA5 

Miniature  type  used  as  rf-amplifier  tube  in  vhf  tele¬ 
vision  tuners.  Outlines  section,  5A;  requires  miniature 
7-contact  socket.  Type  6HA5  is  electrically  identical 
with  type  6HM5/6HA5.  Related  types  2HA5  and  4HA5 
are  electrically  identical  with  type  6HA5  except  for 
heater  voltages  of  2.2  and  3.9  volts  and  heater  cur¬ 
rents  of  0.6  and  0.3  ampere,  respectively. 


12BJ 


BEAM  POWER  TUBE  6HB5 

21HB5 

Duodecar  type  used  as  horizontal-deflection  amplifier 
in  television  receivers.  Outlines  section,  15B;  requires 
duodecar  12-contact  socket.  Type  21HB5  is  identical 
with  type  6HB5  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  .  .  . . . 

Average  value  . 


6HB5  21HB5 
6.3  21  volts 

1.5  0.45  amperes 

—  11  seconds 

±200  max  ±200  max  volts 

100  max  100  max  volts 


Class  AL  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . 

Grid-No. 2  (Screen- Grid)  Voltage . 

Grid-No.  1  (Control-Grid)  Voltage . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . 

Plate  Current  . 

Grid-No. 2  Current  . 

Grid-No.  1  Voltage  (Approx.)  for  plate 
current  of  1  mA  . 


Pentode  Connection 

Triode* 

Connection 

5000 

60 

130 

130 

volts 

130 

130 

130 

130 

volts 

— 

0 

—20 

— 20 

volts 

— 

— 

— 

4.7 

— 

— 

11000 

— 

ohms 

— 

— 

9100 

— 

ft  mhos 

— 

410* 

50 

— 

m  A 

— 

24“ 

1.75 

— 

mA 

—66 

— 

—33 

— 

volts 

*  Grid  No.  2  tied  to  plate. 

■  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . ’  , 

Peak  Negative-Pulse  Plate  Voltage  . 

DC  Grid-No.2  Voltage  . 

DC  Grid-No.  1  Voltage  . 

Peak  Negative-Pulse  Grid-No.l  Voltage  . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . . . 

Plate  Dissipation!  . . . . . . 

Grid-No.2  Input  . . . . 

Bulb  Temperature  (At  hottest  point)  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l -Circuit  Resistance  . . . . 


770 

volts 

6000 

volts 

-1500 

volts 

220 

volts 

— 55 

volts 

-330 

volts 

800 

mA 

230 

mA 

18 

watts 

3.5 

watts 

220 

°c 

1 

megohm 

#  Pulse  duration  must  not  exceed  16%  of  a  horizontal  scanning  cycle  (10  microseconds), 
f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 
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6HB6  POWER  PENTODE 

15HB6 

Miniature  type  used  as  vertical-deflection  amplifier  in 
color  and  black-and-white  television  receivers.  Outlines 
section,  6G;  requires  9-contact  socket.  Type  15HB6  is 
identical  with  type  6HB6  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  .  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . - . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid  No.3  . . 

Grid-No.  2  Supply  Voltage  . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . . 

Mu-Factor,  Grid  No.2  to  Grid  No.l  . 

Plate  Resistance  (Approx.)  . . •  • 

Transconductance  . . . 

Plate  Current  . . . . . . 

Grid-No.2  Current  . . . . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current 
of  100  /iA  . 

»  This  value  can  he  measured  by  a  method  involving 
maximum  ratings  will  not  be  exceeded. 


6BH6  15IIB6 


6.3 

14.7 

volts 

0.76 

0.3 

ampere 

— 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

60 

250 

250 

volts 

Connected  to  cathode  at  socket 

250 

126 

250 

volts 

0 

■  — 

volts 

33 

100 

ohms 

, _ 

— 

33 

_ _ 

28000 

24000 

ohms 

_ 

24000 

20000 

/imhos 

150« 

40 

40 

mA 

37» 

4.2 

6.2 

mA 

— 

— 6.4 

— 13 

volts 

a  recurrent  waveform  such 

that  the 

Vertical-Deflection  Amplifier 


For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . .;•••■ . . 

Peak  Positive- Pulse  Plate  Voltage#  . . 

DC  Grid-No.2  (Screen-Grid)  Voltage  . . 

DC  Grid-No.  1  (Control-Grid)  Voltage  . 

Plate  Dissipation  . 

Grid-No.2  Input  . * . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . 


350 

volts 

2500 

volts 

300 

volts 

—  100 

volts 

10 

watts 

2 

watts 

1  megohm 

2.2  megohms 


#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


MEDIUM-MU  TRSODE — 
SHARP-CUTOFF  PENTODE 

Miniature  type  used  as  combined  oscillator  and  mixer 
tube  in  color  and  black-and-white  television  receivers 
utilizing  an  intermediate  frequency  in  the  order  of 
40  MIIz.  Outlines  section,  6B;  requires  miniature  9- 
contact  socket.  Type  5HB7  is  identical  with  type  6HB7 
except  for  heater  ratings. 


9QA 


5HB7 

Heater  Voltage  (ac/de)  . «*1 

Heater  Current  . . . . .  V:? 

Heater  Warm-up  Time  (Average)  . 

H'lMVoltaee: . *38  ss 

Average  value  .  100  max 

Direct  Inter  electrode  Capacitances  :a 
Triode  Unit: 

Grid  to  Cathode,  Heater,  Pentode  Grid  No.3,  and  Internal  Shield 
Plate  to  Cathode,  Heater,  Pentode  Grid  No.3,  and  Internal  Shield 


6HB7 

6.3 

0.45 

11 

±200  max 
100  max 


1.9 

3 

1.9 


volts 

ampere 

seconds 

volts 

volts 


pF 

PF 

PF 


PLATE  MILLIAMPERES 
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Pentode  Unit: 

Grid  No.l  to  Plate  .  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No. 3,  and 

Internal  Shield  . .  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and  Internal 

shield  . . . 

Heater  to  Cathode*  . .  .  . . . 

a  With  external  shield  connected  to  cathode  except  as  noted. 

“With  external  shield  connected  to  ground. 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Triode  Unit 

Plate  Voltage  . 330 

Grid-No.2  (Screen-Grid)  Supply  Voltage  .  — 

Grid-No. 2  Voltage  . —  S< 

Grid-No.l  (Control-Grid)  Voltage: 

Positive-bias  value  . 0 

Plate  Dissipation  .  2.5 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  .  — 


CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . 

Grid-No.l  Supply  Voltage  . 

Cathode-Bias  Resistor  .  . .  . . . . 

Amplification  Factor  . . . . 

Plate  Resistance  (Approx.)  . 

Transconduetance  . 

Plate  Current  . . . . . 

Grid-No.2  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

10  fiA  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No. 1-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation . 


Triode  Unit  Pentode  Unit 

330  330 

—  330 

—  See  eurve  page  96 


TYPE  6HB7 
TRIODE  UNIT 

A 

— 

7/ 

^o- 

\Q  _ 

S 

-16 

0 

0 

volts 

2.5 

3.1 

watts 

_ 

0.55 

watt 

s  - 

See  curve  page  96 

150 

125 

volts 

.  — . 

125 

volts 

0 

—1 

volts 

56 

— 

ohms 

40 

— - 

0.005 

0.2 

megohm 

8500 

6400 

/imhos 

18 

12 

mA 

.  — 

4 

mA 

—12 

—9 

volts 

0.5 

0.25 

megohm 

1 

0.5 

megohm 

j TYPE  6HB7 

PENTODE  UNIT 

i  n 

GRID -No.2  VOLTS -125 


_ I— 

GRID  -  No  I  VOLTS  ECU  “I]" 
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Plate  Resistance  (Approx.)  . 

Transconductance  . . . . 

Plate  Current  . . . . 

Grid-No. 2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 
100  fxA  . . 


. _ 

50000 

ohms 

—  ■ 

4100 

/i  mb  os 

180" 

43 

mA 

20" 

3.6 

mA 

__ 

* — 50 

volts 

■  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Vertical-Defection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Grid-No, 2  Voltage  . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . 

Plate  Dissipation*}*  . . 

Grid-No. 2  Inputf  . . . 

Bulb  Temperature  (At  hottest  point)  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . * . 

For  cathode-bias  operation  . . 


350 

volts 

2500 

volts 

300 

volts 

260 

mA 

75 

mA 

12 

watts 

2.75 

watts 

200 

°C 

1 

megohm 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds), 
f  A  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


6HF5 


BEAM  POWER  TUBE 


Duodecar  type  used  as  horizontal-deflection  amplifier 
in  color  and  black-and-white  television  receivers.  Out¬ 
lines  section,  16B;  requires  duodecar  12-contact  socket. 
Heater:  volts  (ac/’dc),  6.3;  amperes,  2.25;  maximum 
heater-cathode  volts,  ±200  peak,  100  average. 


Class  Ai  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage . 

Grid-No.l  (Control-Grid)  Voltage  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . .  . . 

Plate  Current  . . 

Grid-No.2  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate 
current  of  1  mA  . . 


Pentode  Connection 

5000  70  175 

125  125  125 

—  0  —25 

—  —  5600 

—  —  11300 

—  570“  125 

—  34“  4.5 


—140  —  —54 


*  Grid  No,2  tied  to  plate. 

•  This  value  can  be  measured  by  a  method  involving  a  recurrent 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Triode 

Connection 

125 

125 

—25 

3 


waveform  such 


volts 

volts 

volts 

ohms 

/xmhos 

mA 

mA 

volts 


that  the 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  ii  ■•••••, - ►  v  .  . . 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  Maximum)  . 

Peak  Negative-Pulse  Plate  Voltage  . . 

DC  Grid-No.2  Voltage  . . 

Peak  Negative-Pulse  Grid-No.l  Voltage  . 

Peak  Cathode  Current  .  . . . . . 

Average  Cathode  Current  . . . 

Plate  Dissipation*}-  . . . 

Grid-No.2  Input  . . . .  ; . . . . 

Bulb  Temperature  (At  hottest  point)  . . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance  . .  . . . . 


900 

volts 

7500A 

volts 

— 1100 

volts 

190 

volts 

—250 

volts 

1100 

mA 

315 

mA 

28 

■watts 

5.5 

watts 

225 

1 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 
A  Under  no  circumstances  should  this  absolute  value  be  exceeded. 

-jr  A.  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 
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HIGH-MU  TRIODE—  6HF8 

SHARP-CUTOFF  PENTODE  10HF8 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  triode  unit  is  used 
in  high-gain,  sound-if  stages  and  in  sync-separator, 
sync-clipper,  and  phase-inverter  circuits;  the  pentode 
unit  is  used  as  a  video-output  amplifier.  Outlines  sec- 
9DX  tion,  6E;  requires  miniature  9-contact  socket.  For 

curves  of  average  characteristics,  refer  to  type  6AW8A  for  the  triode  unit 
and  to  type  6EB8  for  the  pentode  unit.  Type  10HF8  is  identical  with  type 
6HF8  except  for  heater  ratings. 


Gap 


6HF8 

Heater  Voltage  (ac/dc)  . . .  6.3 

Heater  Current  . 0.75 

Heater  Warm-up  Time  (Average)  .  — 

Heater-Cathode  Voltage : 

Peak  value  . ±200  max 

Average  value  . 100  max 

Direct  Interelectrode  Capacitances : 

Triode  Unit: 

Grid  to  Plate  . 


Grid  to  Cathode,  Heater,  Pentode  Cathode,  Grid  No. 3, 

and  Internal  Shield  .  . 

Plate  to  Cathode,  Heater,  Pentode  Cathode,  Grid  No.3, 

and  Internal  Shield  . 

Pentode  Unit : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3, 

and  Internal  Shield  . . . ...  .  . . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . 

Triode  Grid  to  Pentode  Plate  . . . 


10HF8 

10.5 

0.45 

11 

±200  max 
100  max 


3.5 

2.8 


0.1  max 
10 
4.2 

0.015  max 


volts 

ampere 

seconds 

volts 

volts 


PF 

pF 

pF 

pF 

pF 

pF 

pF 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No. 2  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . 

Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 


Triode  Unit  Pentode  Unit 
330  330 

—  330 

—  See  curve  page  96 


1.1 

See  curve  page  96 


volts 

volts 

volts 

watts 

watts 


CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . 
Grid-No. 1  Voltage  ....  .  . .  . 

Cathode-Bias  Resistor  . 

Amplification  Factor  ...... 

Plate  Resistance  (Approx.) 

Transconductance  . 

Plate  Current  . 

Grid-No.2  Current  . 

Grid-No.  1  Voltage  (Approx.) 

of  100  jiA  . 

Grid-No.  1  Voltage  (Approx.) 
of  20  fiA  . 


Triode  Unit 

Pentode  Unit 

200 

45 

200 

volts 

— 

125 

125 

volts 

—27, 

0 

— 

volts 

— - 

— 

68 

ohms 

70 

— 

— 

17500 

— —  . 

75000 

ohms 

4000 

- 

12500 

jtimhos 

4 

40* 

25 

mA 

— 

15* 

7 

mA 

b  - 

— 

— 9 

volts 

—6 

— 

volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance: 

For  fixed-bias  operation 

For  cathode-bias  operation  . 


Triode  Unit  Pentode  Unit 

0.5  0.25  megohm 

1  1  megohm 


•  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 
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6HG5 


BEAM  POWER  TUBE 


Miniature  type  used  in  the  audio  output  stages  of  tele¬ 
vision  receivers.  This  type  has  a  controlled  cathode 
warm-up  time  to  minimize  extraneous  sound  during 
receiver  warm-up.  Outlines  section,  5D;  requires  minia¬ 
ture  7-contact  socket. 

Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . . . . 

Cathode  Warm-up  Time#  . . . 

Heater-Cathode  Voltage: 

Peak  value  . . . 

Average  value  . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . 

#  Time  interval  between  application  of  voltages  and  rise  of  plate  ei 
volts,  6.3  ;  plate  and  grid-No.2  volts,  250 ;  cathode-bias  resistor,  680  ohms. 


h  (3V7XJ 

VT)G2 

C3 

7BZ 

6.3 

volts 

0.45 

ampere 

14  min 

seconds 

±200  max 

volts 

100  max 

volts 

0.4 

pF 

8 

PF 

8.5 

PF 

•rent  to  1  mA 

;  heater 

Class  Aj  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Plate  Dissipation  . . 

Grid-No.2  Input  . . 

Bulb  Temperature  (At  hottest  point)  . 


TYPICAL  OPERATION  AND  CHARACTERISTICS 

Plate  Voltage  . . . 

Grid-No.2  Voltage  . . 

Grid-No,  1  (Control-Grid)  Voltage  . 

Peak  AF  Grid-No.l  Voltage  . . 

Zero-Signal  Plate  Current . .  .  . . . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Load  Resistance . . . . , . 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output  . . 


180 

180 

--8.5 

8.5 

29 

30 

3 

4 

58000 

3700 

5500 

8 

2 


MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance : 
For  fixed-bias  operation  . 
For  cathode-bias  operation 


275 

275 

12 

2 

250 


250 

260 

—12,5 

12.5 

45 

47 

4.5 

7 

52000 

4100 

5000 

8 
4.5 


0.1 

0.6 


volts 

volts 

watts 

watts 

°C 


volts 
volts 
volts 
volts 
mA 
mA 
mA 
mA 
ohms 
/.tmhos 
ohms 
per  cent 
watts 


megohm 

megohm 
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MEDIUM-MU  YRIODE— 
SHARP-CUTOFF  PENTODE 


6HG8 

6HG8/ 

ECF86 

5HG8,  7HG8 
7HG8/PCF86 


Miniature  types  with  frame-grid  pentode  unit  used  as 
9MP  '  combined  oscillator  and  mixer  tubes  in  vhf  color  and 
black-and-white  television  receivers.  Outlines  section,  6B;  require  minia¬ 
ture  9-contact  socket.  Types  5HG8,  7HG8,  and  7HG8/PCF86  are  identical 
with  types  6HG8  and  6HG8/ECF86  except  for  slightly  higher  current  and 
dissipation  ratings  and  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Peak  Heater-Cathode  Voltage  .  . 


6HG8 
6HG8/ 
5HG8  ECF86 
5.3  6.3 

0.45  0.34 

IX  — 

±100  max  ±100  max 


7HG8 

7HG8/ 

PCF86 

7.2  volts 

0.3  ampere 

—  seconds 

±100  max  volts 


Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  . . . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Cathode  Current  . 

Plate  Dissipation  . . 

Grid-No.2  Input  . . . . 

CHARACTERISTICS 

Plate  Voltage  . . . . 

Grid-No.2  Voltage . . .  . . 

Grid-No. 1  (Control-Grid)  Voltage  . . 

Amplification  Factor  . . 

Mu-Factor,  Grid  No. 2  to  Grid  No.l  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . 

Plate  Current  .  . . 

Grid-No.2  Current  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation . . 

For  cathode-bias  operation  .  .  . . 


Triode  Unit  Pentode  Unit 


125 

250 

volts 

150 

volts 

15 

18 

raA 

1.5 

2 

watts 

0.5 

watt 

100 

170 

volts 

— 

150 

volts 

—3 

—1.2 

volts 

17 

— 

. — , 

70 

. — 

0.35 

megohm 

5500 

12000 

/imhos 

14 

10 

raA 

3.3 

mA 

.  . 

0.25 

megohm 

0.5 

0.5 

megohm 

(2TC 

m 

K  Qj - Tjf) 

H  H 

I2FL 

BEAM  POWER  TUBE  6HJ5 

2XHJ5 

Duodecar  type  used  as  horizontal-deflection  amplifier 
in  television  receivers.  Outlines  section,  15C;  requires 
duodecar  12-contact  socket.  Type  21HJ5  is  identical 
with  type  6HJ5  except  for  heater  ratings. 


Heater  Voltage  (ac/de)  . 

Heater  Current . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


Class  Aj  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid  No.3  . 

Grid-No.  1  (Control-Grid)  Voltage 


20 

110 


40 

110 


6HJ5 

21H.I5 

6.3 

21.5 

volts 

2.25 

0.6 

amperes 

— 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

X00  max 

volts 

60 

135 

volts 

135 

135 

volts 

cathode  at  socket 

0 

—22 

volts 

298 


RCA  Receiving  Tube  Manual 


Triode  Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . . . 

Grid-No.  2  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate 
current  of  1  mA  . . . 


—  —  —  4.2 

—  —  —  5000  ohms 

— .  — •  —  10000  /tmhos 

240-  400-  540-  80  mA 

160A  42"  48-  5.5  mA 

—  •  ' —  — 70  volts 


"  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . . . . 

Peak  Positive-Pulse  Plate  Voltage#  .  . . 

Peak  Negative- Pulse  Plate  Voltage  . 

DC  Grid-No.  3  Voltage  . . 

DC  Grid-No.2  Voltage  . 

Peak  Negative- Pulse  Grid-No.  1  Voltage  . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . 

Plate  Dissipation^*  .  . . 

Grid-No.2  Input  . . 

Grid-No.2  Input  (Warm-up  Surge)*  . 

Bulb  Temperature  (At  hottest  point)  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . . . . 


770 

volts 

7000 

volts 

— 1500 

volts 

70 

volts 

220 

volts 

—330 

volts 

1000 

mA 

280 

mA 

24 

watts 

6 

watts 

12 

watts 

240 

°C 

1 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds), 
f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 

*  Surge  not  to  exceed  15-second  duration. 


6HJ8 


DIODE— 

SHARP-CUTOFF  PENTODE 


Miniature  type  used  as  combined  video-detector  and  if- 
amplifier  tube  in  television  receivers.  Outlines  section, 
6B ;  requires  miniature  9-contact  socket. 


H 


9CY 


Heater  Voltage  (ac/dc)  . . . . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average)  . . . 

Peak  Heater-Cathode  Voltage  . . . 

Direct  Interelectrode  Capacitances : 

Diode  Unit : 

Plate  to  Cathode  and  Heater  ...  .  ... _ _ _ _ _ _ _ _ 

Cathddb  to  Plate  and  Heater  ...  . . 

Pentode  Unit :  ’ 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No. 3, 

and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and  Internal 

Shield  . . .  . . . 

Diode  Plate  to  Pentode  Grid  No.l  . . . . 

Diode  Cathode  to  Pentode  Plate  . . . 

Diode  Plate  to  Pentode  Plate  . .. . . 


6.3 

volts 

0.45 

ampere 

11 

seconds 

±200  max 

volts 

2.4 

pF 

3 

pF 

0.015  max 

pF 

7  . 

pF 

3.2 

PF 

0.005  max 

pF 

0.15  max 

pF 

0.035  max 

pF 

Pentode  Unit  as  Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . . . . 

Grid-No.2  Voltage  . . .  . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  .  .  .  . . . . 

For  grid-No.2  voltages  between  165  and  330  volts  . 

CHARACTERISTICS 


330  volts 

330  volts 

See  curve  page  96 
0  volts 

3.2  watts 

0.55  watt 

See  curve  page  96 


Plate  Dissipation  . 

Plate  Supply  Voltage  . .  125  volts 

Grid  No.3  . . .  Connected  to  cathode  at  socket 

Grid-No.2  Supply  Voltage  .  125  volts 


Technical  Data 

Cathode-Bias  Resistor  . . . 

Plate  Resistance  (Approx.)  . . . . . 

Transconductance  ..............  i . . . . .  . . . 

Plate  Current  . . . . 

Grid-No.2  Current  . . . 

Grid-No. 1  Voltage  (Approx.)  for  plate  current  of  20  fi A 
Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  2  mA 

Diode  Unit 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Current  . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  50  mA  . 
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56 

ohms 

0.2 

megohm 

9300 

//.mhos 

11.5 

mA 

3.6 

mA 

—6 

volts 

-—3 

volts 

5 

mA 

10 

volts 

7GM 


HIGH-MU  TRIODE  6HK5 


Miniature  type  with  frame  grid  used  in  vhf  tuners  of 
television  receivers.  Outlines  section,  5C;  requires  mini¬ 
ature  7-contact  socket. 


Heater  Voltage  (ac/dc)  . : .  6.3  volts 

Heater  Current  .  0.19  ampere 

Peak  Heater-Cathode  Voltage  . ±100  max  volts 

Direct  Interelectrode  Capacitances:* 

Grid  to  Plate  . .  0.29  pF 

Grid  to  Cathode,  Heater,  and  Internal  Shield  . 4.4  pF 

Plate  to  Cathode,  Heater,  and  Internal  Shield  .  2.6  pF 

Heater  to  Cathode  . 2.5  pF 

*  With  external  shield,. 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 200  volts 

Grid  Voltage,  Negative-bias  Value  . -—50  volts 

Cathode  Current  . . 22  mA 

Plate  Dissipation  . 2.3  watts 

CHARACTERISTICS 

Plate  Voltage  . .  135  volts 

Grid  Voltage  . . . . . .  — 1  volt 

Amplification  Factor  . 75 

Plate  Resistance  (Approx.)  . 5000  ohms 

Transconductance  . . .  15000  fim  hos 

Plate  Current  . 12.5  mA 

Input  Resistance**  . 600  ohms 

Input  Capacitance**  . . • . . . .  9  pF 

Noise  Figure#  . 4.2  dB 

Grid  Voltage  (Approx.)  for  tra  ns  conductance  of  150  //.mhos  .  -—5  volts 

Grid  Voltage  (Approx.)  for  transconductance  of  1500  fim  hos  .  — 2.6  volts 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  cathode-bias  operation  .  1  megohm 


**  Measured  at  200  MHz  with  plate  effectively  grounded  for  rf  voltages. 

#  For  a  neutralized  triode  amplifier  at  a  frequency  of  200  MHz  with  signal  source  impedance 
adjusted  for  minimum  noise  output. 


MEDIUM-MU  TRIODE— 

SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  triode  unit  is  used  as 
a  sync-separator  or  voltage-amplifier  tube,  and  the 
pentode  unit  is  used  as  a  video  if -amplifier,  age-ampli¬ 
fier,  or  reactance  tube.  Outlines  section,  6B;  requires 
miniature  9-contact  socket.  Heater:  volts  (ac/dc),  6.3; 
amperes,  0.6;  warm-up  time  (average),  11  seconds; 
maximum  heater-cathode  volts,  ±200  peak,  100  average. 


6HL8 


800 
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Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

p]ate  ***«  *  •  *  ,  •  .  •  •  *  •  f  .  »  «  »  *  »  «  «  *  •  *  • 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  .  . . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid-No.2  Voltage  . . 

Grid-No.l  Voltage  .  . . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  .  . . .  . ,  . . 

Grid-No.2  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 
20  ft A  . 


Triode  Unit  Pentode  Unit 

330 

330 

volts 

— 

330 

See  curve  page  96 

volts 

0 

0 

Volt3 

2.5 

2.5 

watts 

_ 

0.55 

watt 

__ 

See  curve  page  96 

125 

125 

volts 

— 

125 

volts 

—1 

—1 

volt 

40 

— . 

5000 

150000 

ohms 

7000 

10000 

/imhos 

12.5 

12 

mA 

4.5 

mA 

-7  volts 


MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance  . .  1  —  megohm 


HIGH-MU  TRIODE 


as  rf -amplifier  tube  in  vhf  color 
and  black-and-white  television  timers.  Outlines  section, 
5C;  requires  miniature  7-contact  socket.  Type  3HM5/ 
3HA5  is  identical  with  type  6HM5/6HA5  except  for 
heater  ratings. 


6HM5/ 

6HA5 

3HM5/3HA5 

Miniature  type  used 


7GM 


3HM5/3HA5  6HM5/6HA5 

Heater  Voltage  (ac/dc)  . .  2.7  6.3 

Heater  Current  .  0.45  0.18 

Peak  Heater-Cathode  Voltage  .  ±110  max  ±110  max 

Direct  Interelectrode  Capacitances : 

Grid  to  Plate  . . . . . . .  0.36 

Grid  to  Cathode,  Heater,  Internal  Shield,  and  External  Shield  4.8 

Plate  to  Cathode,  Heater,  Internal  Shield,  and  External  Shield  0.080 

Cathode  to  Plate  . •  2.9 

Cathode  to  Heater,  Grid,  Internal  Shield,  and  External  Shield  3.1 

Heater  to  Cathode  .  2.8 

Heater  to  Grid  .  0.070  max 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

DC  Plate  Supply  Voltage  . 

Grid  Voltage  . . 

Cathode  Current  . . 

Plate  Dissipation  . 


220 
600 
- — 50 
22 
2.6 


CHARACTERISTICS  AND  TYPICAL  OPERATION 

Fixed  Bias 

Cathode  Bias 

DC  Plate  Supply  Voltage  . 

Plate-Load  Resistor  . 

135 

135 

135 

135 

— 

— 

1000 

5600 

Internal-Shield  Voltage  . 

0 

0 

0 

0 

DC  Grid  Voltage  . 

—1 

— 2.7 

— 

— . 

Cathode-Bias  Resistor  . 

— 

— . 

0 

87 

Amplification  Factor  . . . 

72 

— 

80 

72 

Transconductance  . . . 

14500 

1500 

20000 

14500 

Plate  Current  . 

11.5 

— • 

19 

11.5 

DC  Grid  Current . 

— 

— 

10 

— 

Grid-No.l  Voltage  for  one-per-cent 
transconductance  . . . 

— 

— 

— 5.3 

—8.1 

volts 

ampere 

volts 

pF 

pF 

pF 

p£ 

pg 

pF 


volts 

volts 

volts 

mA 

■watts 


volts 

ohms 

volts 

volts 

ohms 

jimhos 
mA 
A  A 

volts 
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SHARP-CUTOFF  PENTODE  6HM6 

4MM6 

Miniature  type  with  frame  grid  used  in  the  if -amplifier 
stages  of  television  receivers.  Outlines  section,  6B;  re¬ 
quires  miniature  9-contact  socket.  Type  4HM6  is  iden¬ 
tical  with  type  6HM6  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . . 

Heater-Cathode  Voltage : 

Peak  value  . ,  . . . . . 

Average  value 

Direct  Intereleetrode  Capacitances: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid 

No.8,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 
and  Internal  Shield  . . 


4HM6 

6HM6 

4.2 

6.3 

volts 

0.45 

0.3 

ampere 

11 

— 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

^shielded 

Shielded 

0.031 

0.024 

pF 

8.7 

8.7 

pF 

2.15 

3.0 

pF 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . : . . .  250  volts 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  .  250  volts 

Grid-No. 2  Voltage  . .  See  curve  page  96 

Grid-No.  1.  (Control-Grid)  Voltage,  Negative-bias  value  . —50  volts 

Cathode  Current  . 25  mA 

Plate  Dissipation  .  2.5  watts 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  125  volts  .  .  2.5  watts 

For  grid-No.2  voltages  between  125  and  250  volts  . . .  See  curve  page  96 

CHARACTERISTICS 

Plate  Supply  Voltage  .  125  volts 

Grid  No.3  (Suppressor  Grid)  .  Connected  to  cathode  at  socket 

Grid-No.2  Supply  Voltage  .  125  volts 

Cathode-Bias  Resistor  .  56  ohms 

Plate  Resistance  (Approx.)  .  0.156  megohm 

Transconductance  . . .  15000  jim  hos 

Plate  Current  . 13  mA 

Grid-No.2  Current  .  3.2  mA 

Grid-No.  1  Voltage  (Approx.)  for  transconductance  of  100  jumhos  .  .  — 3  volts 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  .  0.25  megohm 

For  cathode-bias  operation  . . .  1  megohm 


7GM 


HIGH-MU  TRIODE  6HQ5 

2HQ5,  3HQ5 

Miniature  type  used  as  grounded-cathode  rf -amplifier 
tube  in  vhf  tuners  of  television  receivers.  Outlines  sec¬ 
tion,  5 G;  requires  miniature  7-contact  socket.  Types 
2HQ5  and  3HQ5  are  identical  with  type  6HQ5  except 
for  heater  ratings. 


2HQ5  3HQ5 

Heater  Voltage  (ac/dc)  .  2.4  3 

Heater  Current  .  0.6  0.45 

Heater  Warm-up  Time  (Average)  .  11  11 

Peak  Heater-Cathode  Voltage  .  ±100  ±100 


Direct  Interelectrode  Capacitances  (Approx.)  ;* 

Grid  to  Plate  . 

Grid  to  Cathode,  Heater,  and  Internal  Shield 
Plate  to  Cathode,  Heater,  and  Internal  Shield 
Heater  to  Cathode  . 

*  With  external  shield  connected  to  cathode. 


6HQ5 

6.3 

0.2 

±100 

0.52 

5 

3.5 

2.5 


volts 

ampere 

seconds 

volts 


PF 

pF 

pF 

pF 
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Class  At  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

200 

volts 

— 50 

volts 

22 

mA 

.  2.5 

watts 

CHARACTERISTICS 

135 

volts 

—1 

volt 

78 

5400 

ohms 

15000 

/mihos 

P,n w*>n f  . .  4  »  ...  i  *  »  « 

11.5 

mA 

275 

ohms 

Tnnnf  Hono . . . . . 

11.2 

pF 

4,7 

dB 

Grid  Voltage  (Approx.)  for  transconductance  of  150  Aim hos  . 

Grid  Voltage  (Approx.)  for  transconductance  of  1500  ^mhos  . 

—4.2 

—2.5 

volts 

volts 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  cathode-bias  operation  .  1  megohm 

**  Measured  at  200  MHz  with  heater  volts  =  6.3  volts  and  plate  effectively  grounded  for  rf 

voltages. 

#  For  a  neutralized  triode  amplifier  at  a  frequency  of  200  MHz  with  signal  source  impedance 
adjusted  for  minimum  noise  output. 


6HR5  beam  power  tube 

Miniature  type  used  as  vertical-deflection  amplifier  in 
television  receivers.  Outlines  section,  5D;  requires 
miniature  7-contact  socket. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current 

Heater  Warm-up  Time  (Average)  . . . 

Heater-Cathode  Voltage: 

Peak  value  . . . . . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . 


6.3 

volts 

0.45 

ampere 

11 

seconds 

±200  max 

volts 

100  max 

volts 

0.35 

pF 

8.3 

pF 

8.2 

pF 

Vertical-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . N . 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  Maximum)  . 

Grid-No. 2  (Screen-Grid)  Voltage  . . 

Peak  Negative- Pulse  Grid-No.  1  Voltage  . . 

Plate  Dissipation  .  .  .  . . . 

Peak  Cathode  Current  . . . 

Average  Cathode  Current  . 

Grid-No.  2  Input  . . . . 


260 

1500 

270 

—150 

8 

125 

35 

2 


volts 

volts 

volts 

volts 

watts 

mA 

mA 

watts 


CHARACTERISTICS 

Plate  Voltage  . . . . 

Grid-No.2  Voltage  . . 

Grid-No.l  Voltage  . 

Transconductance  . 

Plate  Current  . . . . 

Grid-No.2  Current  . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

100  jwA  . . . . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l -Circuit  Resistance  ......... . . . 


50 

250 

0 

105 

25 


#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle 


260 

volts 

270 

volts 

—19 

volts 

3600 

Aimhos 

30 

mA 

2.3 

mA 

—43 

volts 

2.2 

megohms 

(2.5  milliseconds). 
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7BK 


SEMIREMOTE-CUTOFF 

PENTODE 


6HR6 

19HR6 


Miniature  type  used  as  if-amplifier  tube  in  FM  re¬ 
ceivers.  Outlines  section,  5C;  requires  miniature  7-con¬ 
tact  socket.  Type  19HR6  is  identical  with  type  6HR6 
except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value  . . 

Direct  Interelectrode  Capacitances ; 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No. 8, 

and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 
and  Internal  Shield  . . J ..... . 


6HR6 

19HR6 

6.3 

18.9 

volts 

0.45 

0.15 

ampere 

11 

17 

seconds 

±200  max 

±200  max 

volts 

100  max 

1Q0  max 

volts 

0.006  max 

pF 

8.8 

PF 

5.2 

pF 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . 300  volts 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value  . : .  0  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 800  volts 

Grid-No.2  Voltage  . .  See  curve  page  96 

Grid-No. 1  (Control-Grid)  Voltage: 

Negative-bias  value  . . .  — 50  volts 

Positive-bias  value  . 0  volts 

Plate  Dissipation  . V . . . 3  watts 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . . .  1  watt 

For  grid-No.2  voltages  between  150  and  300  volts  . .  See  curve  page  96 

CHARACTERISTICS 

Plate  Supply  Voltage  . 200  volts 

Grid  No. 8  . . .  Connected  to  cathode  at  socket 

Grid-No.2  Supply  Voltage  . 115  volts 

Grid-No.l  Supply  Voltage  . 0  volts 

Cathode-Bias  Resistor  . 68  ohms 

Plate  Resistance  (Approx.)  . 0.5  megohm 

Trans  conductance  . 8500  jumbos 

Plate  Current  . 13.2  mA 

Grid-No.2  Current  . 4.3  mA 

Grid-No.  1  Voltage  (Approx.)  for  trans conductance  of  60  jumhos  . . .  * — 15  volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . 0.6  megohm 

For  cathode-bias  operation . . . . . . ......  1  megohm 
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6HS6  SHARP-CUTOFF  PENTODE 

19HS6 

Miniature  type  used  as  if -amplifier  and  limiter  tube 
in  FM  receivers.  Outlines  section,  5C;  requires  miniature 
7-contact  socket.  Type  19HS6  is  identical  with  type 
6HS6  except  for  heater  ratings. 


08 


78K 


Heater  Voltage  (ac/dc)  . 6 

Heater  Current  . 0. 

Heater  Warm-up  Time  (Average)  . . . 

Heater-Cathode  Voltage: 

Peak  value  . “2 

Average  value  . 1 

Direct  Interelectrode  Capacitances: 

Grid  No.X  to  Plate  . . • 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3,  and 

Internal  Shield  . . .  •  ■ 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 
Internal  Shield  . . . 


±200  max 
100  max 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 


Plate  Supply  Voltage  . ■••••• 

Grid-No. 3  (Suppressor-Grid)  Voltage,  Positive  Value 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . . 

Grid-No.  1  (Control-Grid)  Voltage: 

Negative-bias  value  . . . - . 

Positive-bias  value  . . 

Plate  Dissipation  . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts 


19HS6 

18.4 

volts 

0.15 

ampere 

17 

seconds 

±200  max 

volts 

100  max 

volts 

0.006  max 

volts 

8.8 

pF 

5.2 

pF 

300 

volts 

0 

volts 

300 

volts 

See  curve  page  96 

—50 

volts 

0 

volts 

3 

volts 

1 

watt 

See  curve  page  96 


CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid  No.3  . 

Grid-No.2  Supply  Voltage  . 

Grid-No.  1  Supply  #  Voltage  . . 

Cathode-Bias  Resistor  . . . . 

Amplification  Factor®  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  . . . . 

Grid-No.2  Current  . . . - 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

20  /aA  . . . . 

MAXIMUM  CIRCUIT  VALUES 


75 

150 

volts 

Connected  to  cathode 

at  socket 

75 

75 

volts 

0 

0 

volts 

68 

68 

ohms 

50 

0.5 

megohm 

_ 

9500 

/tmhos 

— 

8.8 

mA 

— 

2.8 

mA 

_ 

—4 

volts 

Grid-No.l-Circuit  Resistance :  . .  , 

For  fixed-bias  operation  . .  0-;*  megohm 

For  cathode-bias  operation  . .  . .  1  megohm 


PLATE  VOLTS  92CS-II483T 
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SHARP-CUTOFF 
TWIN  PENTODE 


6HS8 

3HS8,  4HS8 


Miniature  type  used  in  age  amplifier,  sync,  and  noise- 
limiting  circuits  of  color  and  black-and-white  television 
receivers.  One  pentode  unit  is  used  as  combined  sync 
separator  and  sync  clipper;  second  pentode  unit  is 
used  as  age  amplifier.  Outlines  section,  6E;  requires 
miniature  9-contact  socket.  Type  3HS8  and  4HS8  are 
identical  with  type  6HS8  except  for  heater  ratings. 


3HS8 

Heater  Voltage  (ac/dc)  . .  3.15 

Heater  Current  . 0.6 

Heater  Warm-up  Time  (Average)  .  11 

Heater-Cathode  Voltage : 

Peak  value  . ±200  max 

Average  value  . 100  max 


Direct  Interelectrode  Capacitances : 

Grid  No.3  to  Plate  (Each  Unit)  . 

Grid  No.l  to  All  Other  Electrodes  . 

Grid  No.3  (Each  Unit)  to  All  Other  Electrodes 

Plate  (Each  Unit)  to  All  Other  Electrodes  . 

Grid  No.3  (Unit  No.l)  to  Grid  No.3  (Unit  No.2) 


4HS8  6HS8 
4.2  6.3 

0.45  0.3 

11  — - 

±200  max  ±200  max 

100  max  100  max 

2 

.  . . .  6 
3.6 
3 

. .  . .  0.015  max 


volts 

ampere 

seconds 


volts 

volts 


pF 

pF 

pF 

pF 

pF 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  (Each  Unit)  . . .  300  volts 


Grid-No. 3  (Suppressor-Grid)  Voltage  (Each  Unit): 

Peak  positive  value  . 50  volts 

DC  negative  value  . .  — 50  volts 

DC  positive  value  .  . . 3  volts 

Grid-No.2  (Screen-Grid)  Voltage  .  150  volts 

Grid-No.l  (Control-Grid)  Voltage,  Negative-bias  value  . . .  — 50  volts 

Cathode  Current  . 12  mA 

Plate  Dissipation  (Each  Unit)  . 1.1  watts 

Grid-No.2  Input  . 0.75  watt 

CHARACTERISTICS 


Plate  Voltage  . „ . 

With  One  Unit 

Operating* 

100 

100 

volts 

Grid-No.3  Voltage  . 

0 

0 

volts 

Grid-No.2  Voltage  . 

67.5 

67.5 

volts 

Grid-No.l  Voltage  . 

0 

H 

volts 

Transconductance,  Grid  No.3 

to  Plate  . 

— , 

450 

fim  hos 

Transconductance,  Grid  No.l 

to  Plate  . 

1100 

_ 

/imhos 

Plate  Current  . 

_ 

2 

mA 

Grid-No.3  Voltage  (Approx.) 

100  itA  . 

for  plate 

current 

’of" 

— 3.5 

volts 

Grid-No.  1  Voltage  (Approx.) 
100  juA  . 

for  plate 

current 

of 

—  . 

— 2.3 

volts 

TYPE  6HS8 
GRID -No.  3  VOLTS  =0 
GRID -No.2  VOLTS  =67.5 
PLATE  AND  GRID  No.3  OF 
OTHER  UNIT  GROUNDED. 


100  200  300  400 

PLATE  VOLTS  92CS- 1 I099T 
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With  Both  Units  Operating 


Plate  Voltage  (Each  Unit)  . . 

Grid-No.3  Voltage  (Each  Unit)  . . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  . . 

Plate  Current  (Each  Unit)  . . .  . 

Grid-No.  2  Current  . 

Cathode  Current  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.3-Cireuit  Resistance  (Each  Unit) 
Grid-No.  1-Circuit  Resistance  . 


100 

100 

volts 

—10 

0 

volts 

67.5 

67.5 

volts 

m 

M 

volts 

_ 

2 

mA 

7 

4.4 

mA 

7.1 

8.5 

mA 

0.5 

megohm 

0.5 

megohm 

•  With  plate  and  grid  No.3  of  other  unit  connected  to  ground. 

*  Adjusted  to  give  grid-No.l  current  of  0.1  milliampere. 


6HZ6  SHARP-CUTOFF  PENTODE 

5HZ6 

Miniature  type  used  as  sound-detector  tube  in  FM  and 
color  and  black-and-white  television  receivers.  Tube 
has  two  independent  control  grids.  Outlines  section, 

5C;  requires  miniature  7-contact  socket.  Type  5HZ6 
is  identical  with  type  6HZ6  except  for  heater  ratings.  7EN 

volts 
ampere 
seconds 

volts 
volts 

PF 

pF 
pF 
pF 

pF 

Class  At  Amplifier 


Heater  Voltage  (ac/de)  . . .  4.75 

Heater  Current  . •  •  •  • 

Heater  Warm-up  Time  (Average)  . . .  11 

Heater-Cathode  Voltage: 

Peak  value  . .  ±200  i 

Average  value  . . .  100  3 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . .  -  •  ♦ 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . 

Grid  No.l  to  Grid  No.3  , . . 

Grid  No.3  to  Plate  . .  .... 

Grid  No.3  to  Cathode,  Heater,  Grid  No.l,  Grid  No.2,  Plate, 
and  Internal  Shield  . . . . 


±200  max  ±200  max 
100  max  100  max 


CHARACTERISTICS 

Plate  Supply  Voltage  . < . .  •  •  •  • 

Grid-No.3  Supply  Voltage  . . . 

Grid-No. 2  Supply  Voltage  . *  . . 

Grid-No.l  Supply  Voltage  . . . 

Cathode-Bias  Resistor  . . . . . . 

Plate  Resistance  (Approx.)  . . . * . . 

Transeonduetance,  Grid  No.l  to  Plate  .  ... 

Trans  conductance.  Grid  No.3  to  Plate  . . . 

Plate  Current  . . . . . '•  •  •  • - -  * . ■  ♦ 

Current  . . . . . ..........  vy,  *  *  v. 

Grid-No.3  Supply  Voltage  (Approx.)  for  plate  current  of  §  pA  .  . 
Grid-No.  1  Supply  Voltage  (Approx.)  for  plate  current  of  20  jiA  .. 


150 

0 

100 

0 

180 

0,11 

3400 

600 

3.2 

3.2 

-47 

—4.5 


volts 

volts 

volts 

volts 

ohms 

megohm 

jumhos 

/jmhos 

mA 

mA 

volts 

volts 


MILL1AMPERES 
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FM  Sound  Detector 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . \ . . 

Grid-No. 3  (Control-Grid)  Voltage : 

Negative  value  (dc  and  peak  ac)  . 

Positive  value  (dc  and  peak  ac)  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.  2  Voltage  . . . 

Grid-No. 1  (Control-Grid)  Voltage: 

Negative-bias  value  . 

Positive-bias  value  . . 

Plate  Dissipation  . . 

Grid-No.  3  Input  . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  160  volts  . . 

For  grid-No.2  voltages  between  160  and  300  volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No. 3-Circuit  Resistance  . 

Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . 


300 

volts 

—100 

volts 

25 

volts 

300 

volts 

See  curve  page  96 

* — 50 

volts 

0 

volts 

1.7 

watts 

0.1 

watt 

1 

watt 

See  curve  page  96 

0.68 

megohm 

0.22 

megohm 

0.47 

megohm 

£3 


u 

fe 

a! 


PLATE  VOLTS  92CS-II793T 


9DX 


HIGH-MU  TRIODE — 
SHARP-CUTOFF  PENTODE 


Miniature  type  used  in  television  receiver  applications. 
The  triode  unit  is  used  as  a  voltage  amplifier  or  sync 
separator,  and  the  pentode  unit  as  a  video  amplifier. 
Outlines  section,  8E;  requires  miniature  9-contact 
socket.  Heater:  volts  (ac/dc),  6.3;  amperes,  1.125; 
maximum  heater-cathode  volts,  ±200  peak,  100  average. 

Class  Aa  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values)  Triode  Unit  Pentode  Unit 


Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive  bias  value 

Plate  Dissipation  . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid-No.2  Supply  Voltage  . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . 

Plate  Current  .  . . . . 

Grid-No.2  Current  . 

Grid-No. 1  Voltage  (Approx.)  for  plate  current 
oi*  10  jiA  . . . . . 


300 

300 

volts 

— 

330 

See  curve  page  96 

volts 

0 

0 

volts 

1 

S 

watts 

— 

2 

See  curve  page  96 

watts 

200 

60  250 

volts 

— 

170  170 

volts 

— 2 

0  — 

volts 

70 

—  100 

ohms 

— 

—  0.14 

megohm 

4000 

— •  .  12600 

/mihos 

3.5 

90*  29 

mA 

— 

22.5*  6 

mA 

■ — 5 

—  —11.5 

volts 
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MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1 -Circuit  Resistance: 

For  fixed-bias  operation  .  0.5  0.25  megohm 

For  cathode-bias  operation  . .  1  1  megohm 

■  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


6J5 

6J5GT 


Refer  to  chart  at  end  of  section. 


6J6 


Refer  to  chart  at  end  of  section. 


6J6A  MEDIUM-MU  TWIN  TRIODE 

5J6 

Miniature  type  used  as  combined  rf  power  amplifier 
and  oscillator  or  as  twin  af  amplifier.  With,  push-pull 
arrangement  of  the  grids  and  the  plates  in  parallel, 
this  type  can  also  be  used  as  a  mixer  at  frequencies 
as  high  as  600  MHz.  Outlines  section,  5C;  requires 
miniature  7-contact  socket.  Type  5J6  is  identical  with 
type  6J6A  except  for  heater  ratings. 


7BF 


Heater  Voltage  (ac/dc)  . . . . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average)  . 

Peak  Heater-Cathode  Voltage  . 

Direct  Interelectrode  Capacitances 
(Each  Unit,  Approx.)  : 

Grid  to  Plate  . .  . . . 

Grid  to  Cathode  and  Heater  . . 

Plate  to  Cathode  and  Heater  (Unit  No.l)  .... 
Plate  to  Cathode  and  Heater  (Unit  No.2)  


5J6  6J6A 

4.7  6.3 

0.6  0.45 

11  11 

±100  max  ±100  max 

Unshielded  Shielded 

1.6  1.6 

2.2  2.6 

0.4  1.6 

0.4  1 


Class  Ai  Amplifier 


volts 

ampere 

seconds 

volts 


pF 

pF 

pF 

PF 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid  Voltage,  Positive-bias  value  . 

Plate  Dissipation  . . . 

CHARACTERISTICS 

Plate  Voltage  .  ; . 

Cathode-Bias  Resistor  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  .  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


300 

volts 

0 

volts 

1.5 

watts 

100 

volts 

50f 

ohms 

38 

7100 

ohms 

5300 

jttmhos 

8.5 

mA 

Not  recommended 
0.5  megohm 


f  Value  is  for  both  units  operating  at  the  specified  conditions. 


RF  Power  Amplifier  and  Oscillator-Class  C  Telegraphy 

Key-down  conditions  per  tube  without  modulation 
MAXIMUM  RATINGS  (Design-Center  Values,  Each  Unit) 

Plate  Voltage  . 300 

Grid  Voltage: 

Negative-bias  value  .  —4U 

Positive-bias  value  .  2 

Plate  Current  . 

Grid  Current  . .  .  ° 

Plate  Input  . 

Plate  Dissipation  .  -1*5 


volts 

volts 

volts 

mA 

mA 

watts 

watts 


TYPICAL  PUSH-PULL  OPERATION  (Both  Units) 

Plate  Voltage  . 

Grid  Voltage0  . 

Plate  Current  . 

Grid  Current  (Approx.)  . 

Driving  Power  (Approx.)  . - . 

Power  Output  (Approx.)  . 


150 

volts 

—10 

volts 

30 

mA 

16 

mA 

0.35 

watt 

3.5 

watts 

°  Obtained  by  grid  resistor  (625  ohms),  cathode-bias  resistor  (220  ohms),  or  fixed  supply. 
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Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


6J7 

6J7G 

6J7GT 

6J8G 


12BT 


PENTODE—  6JI0 

BEAM  POWER  TUBE  uno 

Duodecar  type  used  in  FM  and  color  and  black-and- 
white  television  receivers.  The  pentode  unit  is  used  as 
a  gated-beam  discriminator  and  the  beam  power  unit 
is  used  in  audio  power-output  stages  in  FM  and  tele¬ 
vision  limiter  and  discriminator  applications.  Outlines 
section,  8B;  requires  duodecar  12-contact  socket.  Type 
13J10  is  identical  with  type  6J10  except  for  heater 
ratings. 


Heater  Voltage  (ae/dc)  . 

Heater  Current  . • 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


6Jio  mio 

6.3  13.2 

0.95  0.45 

—  11 

±200  max  ±200  max 
100  max  100  max 


Pentode  Unit  as  Class  AL  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

.  275 

Grid-No.2  (Screen-Grid)  Voltage  . 

+  «  . . 

.  275 

.  10 

"MW  O  Tnrait-  . . .  2 

CHARACTERISTICS  AND  TYPICAL  OPERATION 

.  250 

.  250 

.  — 8 

Peak  AF  Grid-No.l  Voltage  . 

Plate  Resistance  (Approx.)  . 

.  8 

.  0.1 

.  6500 

rinvrAnf  . 

.  35 

T»ia+o  rSiiwnf.  . . .  39 

.  2.5 

Maximum-Signal  Grid-No.2  Current  . . . . 

.  7 

.  . .  5000 

Total  Harmonic  Distortion  (Approx.)  . 

Maximum-Signal  Power  Output  . 

.  10 

.  4.2 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 

.  0.25 

For  cathode-bias  operation  . . 

.  0.5 

volts 

ampere 

seconds 

volts 

volts 


volts 

volts 

watts 

watts 


volts 
volts 
volts 
volts 
megohm 
/imhos 
mA 
fflA 
mA 
mA 
ohms 
per  cent 
watts 


megohm 

megohm 


Beam  Power  Unit  as  Gated-Beam  Discriminator 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  .  330 

Grid-No.2  (Accelerator-Grid)  Voltage  .  110 

Peak  Positive  Grid-No.l  Voltage  . . . .  00 

Average  Cathode  Current  . . . . .  •  1* 


volts 

volts 

volts 

mA 


kP2  G2f». 


SHARP-CUTOFF 
TWIN  PENTODE 


6J11 


Duodecar  type  used  as  if-amplifier  tube  in  television 
receivers.  Outlines  section,  8A;  requires  duodecar  12- 
contact  socket. 
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Heater  Voltage  (ac/dc)  .  6.3  volts 

Heater  Current  . 0.8  ampere 

Heater- Cathode  Voltage : 

Peak,  value  ,  .  ±200  max  volts 

Average  value  . . . ,  <  100  max  volts 

Direct  Interelectrode  Capacitances:** 

Unit  No.  1: 

Grid  No.l  to  Cathode,  Heater,  Grid  No,2,  Grid  No.3, 

Grid  No.3  of  Unit  No.2,  and  Internal  Shield  .  11  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  Grid  No.3 

of  Unit  No.2,  and  Internal  Shield  . .  2.8  pF 

Unit  No.  2 : 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  Grid  No.3 

of  Unit  No.l,  and  Internal  Shield  ..  . . IT  pF 

Plate  to  Cathode.  Heater,  Grid  No.2,  Grid  No.3,  Grid  No.3  of 

Unit  No.l,  and  Internal  Shield  .  3.2  pF 

Grid  No.l  to  Plate  (Each  Unit)  . 0.04  max  pF 

Cathode  of  Unit  No.l  to  Cathode  of  Unit  No.2  . .  0.02  max  pF 

Grid  No.l  of  Unit  No.l  to  Plate  of  Unit  No.2  . 0.003  max  pF 

Grid  No.l  of  Unit  No.2  to  Plate  of  Unit  No.l  .  0.003  max  pF 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  . 0.03  max  pF 

**  With  external  shield  connected  to  cathode. 

Class  At  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  330  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . .  330  volts 

Grid-No.2  Votlage  .  See  curve  page  96 

Grid-No. 1  (Control-Grid)  Voltage,  Positive-bias  value  . 0  volts 

Plate  Dissipation  . : . .  3.1  watts 

Grid-No.2  Input: 

For  grid  No.2  voltages  up  to  165  volts  .  0.65  watt 

For  grid  No.2  voltages  between  165  and  300  volts  . .  See  curve  page  96 

CHARACTERISTICS 

Plate  Supply  Voltage  .  125  volts 

Grid  No.3  (Suppressor  Grid)  . . .  Connected  to  cathode  at  socket 

Grid-No.2  Voltage  . . . .  ..  125  volts 

Cathode-Bias  Resistor  .  . . 56  ohms 

Plate  Resistance  (Approx.)  .  0.2  megohm 

Transeonductance  . 13000  jttmhos 

Plate  Current  . 11  mA 

Grid-No.2  Current  . 3.8  mA 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  20  /iA  .  — 3  volts 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance,  for  cathode-bias  operation  .  0.25  megohm 


6JB6 

6JB6A 


BEAM  POWER  TUBE 


12JB6,  12JB6A, 

17JB6,  17JB6A 

Novar  types  used  as  high-efficiency  horizontal-deflec¬ 
tion  amplifiers  in  television  receivers.  Outlines  section, 
18A  and  32,  respectively;  require  novar  9-contact 
socket.  Types  12JB6  and  12JB6A  and  types  17JB6  and 
17JB6A  are  identical  with  types  6JB6  and  6JB6A  ex¬ 
cept  for  heater  ratings. 


M 
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6JB6  12JB6  17JB6 

.....  „  ..  . ,...  ,,  ...  ,  .  6JB6A  12JBSA  17JB6A 

Heater  ;  Voltage  (ac/dc)  . . i,. . . .  6.3  12.6  16.8  volts 

Heater- Current  . 1.2  0.6  0.45  amperes 

Heater  Warm-up  Time  (Average)  ..........  —  11  11  seconds 

Heater-Cathode  Voltage : 

Peak  value  .  ±200  max  ±200  max  ±200  max  volts 

Average  value  . .  100  max  100  max  100  max  volts 


Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . 0.2  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  15  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . 6  pF 
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Class  A,  Amplifier 


CHARACTERISTICS 

Triode 

Connection4 

Pentode 

Connection 

Plate  Voltage  . 

150 

60 

150 

volts 

Grid  NoJ5  (Suppressor  Grid)  .  . . 

Grid  tyo.2  (Screen-Grid)  Voltage  . 

Connected 

to  cathode 

at  socket 

— • 

150 

150 

volts 

Grid  fto.l  (Control-Grid)  Voltage  . . 

Mu-Factor,  Grid  No.2  to  Grid  No.l  . . 

—22.5 

4.4 

0 

—22.5 

volts 

Plate  Resistance  (Approx.)  . 

— 

— 

15000 

ohms 

Transconductance 

— 

— 

7100 

jamhos 

Plate  Current  . 

— 

390- 

70 

mA 

Grid-No. 2  Current  . 

— - 

32- 

2.1 

mA 

Grid-No.l  Voltage  for  plate  current  of  1  mA 

4  Grid  No.2  connected  to  plate. 

—42 

volts 

“  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . 770  volts 

Peak  Positive-Pulse  Plate  Voltage#  . 6500  volts 

Peak  Negative-Pulse  Plate  Voltage  .  — 1500  volts 

DC  Grid-No.  3  Voltagef  .  70  volts 

DC  Grid-No. 2  Voltage  . 220  volts 

DC  Grid-No.  1  Voltage  .  —55  volts 

Peak  Negative-Pulse  Grid-No.  1  Voltage  .  — 330  volts 

Peak  Cathode  Current  . 550  mA 

Average  Cathode  Current  . 175  mA 

Plate  Dissipation*  .  17.5  watts 

Grid-No. 2  Input  . 3.5  watts 

Bulb  Temperature  (At  hottest  point)  .  240  °G 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Cireuit  Resistance,  for  grid-resistor-bias  operation  ....  1  megohm 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds), 
f  For  horizontal-deflection  service,  a  positive  voltage  may  be  applied  to  grid  No.3  to  minimize 
“snivets”  interference  in  both  vhf  and  uhf  television  receivers.  A  typical  value  is  30  volts. 

•  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


6JC6 


9PM 


SHARP-CUTOFF  PENTODE  6JC6A 

3JC6,  3JC6A 
4JC6,  4JC6A 

Miniature  type  with  frame  grid  used  in  if~&mplifier 
stages  of  color  and  black-and-white  television  receivers 
utilizing  intermediate  frequencies  in  the  order  of  40 
MHz.  Outlines  section,  6B;  requires  miniature  9-con¬ 
tact  socket.  Types  3JC6  and  4JC6  are  identical  with 
type  6JC6  except  for  heater  ratings.  Types  3JC6A  and 
4JC6A  are  identical  with  type  6JC6A  except  for  heater 
ratings. 
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Heater  Voltage  (ac/dc)  . . .  - . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average)  . . . 

Heater-Cathode  Voltage : 

Peak  value  . . . . . . . 

Average  value  . . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2, 

No.3,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid 
and  Internal  Shield  . 


3JC6  4JC6  6JC6 

3.JC6A  4.IC6A  6.IC6A 

3.5  4.5  6.3 

0.6  0.45  0.3 

U  11 

±200  max  ±200  max  ±200  max 

100  max  100  max  100  max 

6JC6  6JC6A 


.  ,  .  .  0.019  max  0.019  max 

Grid 

.  8.2 

No.3, 

.  3 


8.5 

3 


volts 

ampere 

seconds 

volts 

volts 

pF 

pF 

pF 


Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .....  ... .  .  .  .  • 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid  No.3  . 

Grid-No.2  Supply  Voltage  . . . . 

Cathode-Bias  Resistor  . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . * - 

Plate  Current  . 

Gfid-No;2  Current  . . .  *  •  ■ 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

100  }i A  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . 


830 

330 

volts 

0 

0 

volts 

330 

330 

volts 

See  curve  page  96 

0 

0 

volts 

2.5 

3.1 

watts 

0.6 

0.7 

watt 

See  curve  page  96 

125 

125 

volts 

Connected  to  cathode  at  socket 

125 

125 

volts. 

56 

66 

ohms 

0.18 

0.18 

megohm 

15000 

16000 

/imhos 

13 

14 

mA 

3.2 

3.4 

mA 

—3 

—3 

volts 

0.25 

0.25 

megohm 

l 

1 

megohm 

g£40| 

||p0l 

-J  <M 


10 


TYPE  6JC6A  | 

GRID  No.3  CONNECTED  TO 
rATwnnp  at  RrsrkPT 

GRID 

-No.2 

VOLT 

S  *  12* 

\ 

q\D 

-No.l 

/OLTS 

E£RS 

\ 

f/ 

~( 

J 

A 

— 

lb 

-1 

A 

% 

“IC2J 

■—  E 

C|*0" 

-2  -W 

40 


80  120  160  200  240 

PLATE  VOLTS  sacM-U948T 


,  ,-0  MEDIUM-MU  TRI0DE— 

6JC0  SHARP-CUTOFF  PENTODE 

Miniature  type  used  as  combined  vhf  oscillator  and 
mixer  tube  in  television  receivers.  Outlines  section, 
6B;  requires  miniature  9-contact  socket.  Heater:  volts 
(ac/dc),  6.3;  amperes,  0.45;  warm-up  time  (average), 
11  seconds;  maximum  heater-cathode  volts  ±200  peak, 
100  average. 


SPA 
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Class  A<  Amplifier 


MAXIMUM  RATINGS  (Design -Maxi mum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.  2  Voltage  . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  137.5  volts  . 

For  grid-No.2  voltages  between  137.5  and  275  volts 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . :  ............  . .  ; . 

Plate  Current  . . . •  . * 

Grid-No.2  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

20  fi A  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . 


Triode  Unit  Pentode  Unit 


275 

275 

volts 

275 

See  curve  page  96 

volts 

0 

0 

volts 

1.7 

2.3 

watts 

— 

0.45 

See  curve  page  96 

watt 

125 

100 

125 

volts 

70 

125 

volts 

-  1 

0 

— 1 

volt 

40 

— 

— 

6000 

— 

300000 

ohms 

6500 

5700 

5500 

lira  hos 

12 

— 

9 

mA 

— 

— 

2.2 

mA 

- — 7 

— 

6.5 

volts 

0.1 

megohm 

— 

0.5 

megohm 

9PM 


SHARP-CUTOFF  PENTODE  6JD6 

31D6,  4JD6 

Miniature  type  used  as  if-amplifier  tube  in  color  and 
black-and-white  television  receivers  utilizing  an  inter¬ 
mediate  frequency  in  the  order  of  40  MHz.  Outlines  sec¬ 
tion,  6B;  requires  miniature  9-contact  socket.  Types 
3JD6  and  4JD6  are  identical  with  type  6JD6  except  for 
heater  ratings. 


3JD6 

Heater  Voltage  (ac/de)  . . .  3.5 

Heater  Current  .  . .  0.0 

Heater  Warm-up  Time  (Average)  .  11 

Heater-Cathode  Voltage : 

Peak  value  . . .  ±200  max 

Average  value  . . . . *  <  ■  100  max 

Direct  Intereleetrode  Capacitances : 

Grid  No.l  to  Plate  . >v  -  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 


Internal  Shield  .  . . . . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 
Internal  Shield  . . . 


4JD6  6JDG 

4.5  6.3 

0.45  0.3 

II 

±200  max  ±200  max 

100  max  100  max 

.  .  .  .  0.019  max 


8.2 

3 


volts 

ampere 

seconds 

volts 

volts 

pF 

pF 

pF 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values), 

Plate  Voltage  . . 

Grid-No. 3  (Suppressor-Grid)  Voltage,  Positive  value  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . . . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . 

Plate  Dissipation  . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid-No.3  Voltage  . . 

Grid-No.2  Supply  Voltage  . . . 

Grid-No.l  Supply  Voltage  . 

Cathode-Bias  Resistor  . . . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . 

Plate  Current  . * 

Grid-No.2  Current  . .  .  . . .  . . . . 

Grid-No.l  Voltage  (Approx.)  for  transconductance  of  600  /tmhos  . . 


330 

volts 

0 

volts 

330 

volts 

See  curve  page  96 

0 

volts 

2.5 

watts 

0.6 

watt 

See  curve  page  96 

125 

volts 

0 

volts 

125 

volts 

0 

volts 

56 

ohms 

160000 

ohms 

14000 

/imhos 

15 

mA 

4 

mA 

—4,5 

volts 
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0.25  megohm 

1  megohm 


0  50  100  150  200  250 


PLATE  VOLTS  92CSh.95IT 


MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 
For  fixed-bias  operation  . 
For  cathode-bias  operation 


6JE6 


Refer  to  chart  at  end  of  section. 


6JE6A  BEAM  POWER  TUBE 


Novar  type  used  as  horizontal-deflection  amplifier  in 
color  television  receivers.  Outlines  section,  32 A;  re¬ 
quires  novar  9-contact  socket.  Type  24JE6A  is  identi¬ 
cal  to  type  6JE6A  except  for  heater  ratings. 
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6JE6A  24JE6A 


Heater  Voltage  (ac/dc)  . . .  . . 

Heater  Current  . 

Heater  Warm-up  Time  . 

Heater-Cathode  Voltage: 

Peak  value  . . .  ^ 

Avei'age  value  .  . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  .  . 


amperes 

seconds 


±200  max  ±200  max 
100  max  100  max 


Class  Ax  Amplifier 

Triode  Pentode 

CHARACTERISTICS  Connection*  Connection 

Plate  Voltage  . . , .  125  70  175  volts 

Grid  No.3  (Suppressor  Grid)  . . . . .  Connected  to  cathode  at  socket 

Grid-No. 2  (Screen-Grid)  Voltage  . .  —  125  125  volts 

Grid-No.  1  (Control-Grid)  Voltage  . . .  —25  0  —25  volts 

Amplification  Factor  .  3  —  — ■ 

Plate  Resistance  (Approx.)  .  —  —  —  ohms 

Transconductance  . . —  —  —  /imhos 

Plate  Current  . . .  —  60 Of  130  mA 

Grid-No. 2  Current  . —  36f  2.8.  mA 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

1  mA  .  —  —  -  54  volts 

f  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

*  Grid  No.2  connected  to  plate. 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  {Design-Maximum  Values) 


DC  Plate  Supply  Voltage  . . »  990  volts 

Peak  Positive-Pulse  Plate  Voltage#  . . .  7500  volts 


Technical  Data 


Peak  Negative- Pulse  Plate  Voltage  . 

DC  Grid-No. 3  Voltage*  . . 

DC  Grid-No.2  Voltage  . . ..... . 

Peak  Negative-Pulse  Grid-No.  1  Voltage  ..  . . 

Peak  Cathode  Current  . . .  •  •  • 

Average  Cathode  Current  . 

Grid-No.2  Input  ....  ^  . . . . . . . 

Plate  Dissipation1*  . . . . 

Bulb  Temperature  (At  hottest  point)  . . . . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No. 1-Circuit  Resistance: 

For  grid-resistor-bias  operation"  . . . . 

For  plate-pulsed  operation  (horizontal-deflection  circuits  only) 


315 

—1100 

volts 

75 

volts 

220 

volts 

— 330 

volts 

1200 

mA 

350 

mA 

3.2 

watts 

30 

watts 

250 

°C 

0.47 

megohm 

10 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

*  In  this  service,  a  positive  voltage  may  be  applied  to  grid  No.3  to  minimize  “snivets”  inter¬ 
ference ;  a  typical  value  for  this  voltage  is  30  volts. 

■  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


9DX 


HIGH-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


6JE8 

HJE8 


Miniature  type  used  in  television  receiver  applications. 
The  triode  unit  is  used  as  a  voltage  amplifier  or  sync 
separator,  and  the  pentode  unit  as  a  video  amplifier. 
Outlines  section,  6E;  requires  miniature  9-contact 
socket.  Type  11JE8  is  identical  with  type  6JE8  except 
for  heater  ratings. 


Heater  Voltage  (ac/dc)  . .  . . . . . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  T 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage  Positive-bias  value 

Plate  Dissipation  . . . 

Grid-No.2  Input: 

For  plate  voltages  up  to  165  volts  . 

For  plate  voltages  between  165  and  330  volts  . . 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . . . . . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 


6JE8 


11JES 


6.3 

10.9 

volts 

0.78 

0.45 

ampere 

— 

11 

seconds 

±200  max  ±200  max 

volts 

100  max  100  max 

volts 

lode  Unit  Pentode  Unit 

300 

330 

volts 

— 

330 

volts 

— 

See  curve  page  96 

0 

0 

volts 

1 

5 

watts 

_ 

1.5* 

watts 

See  curve  page  96 

200 

60  250 

volts 

_ 

170  170 

volts 

— 2 

0  — 

volts 

—  82 

ohms 

70 

— ~  — 

—  0.14 

megohm 

4200 

—  12000 

/icmhos 
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Plate  Current  . . . . 

Grid-No.2  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

10  ft  A  . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . . . . . 

For  cathode-bias  operation  . 


4.5 

48* 

22 

mA 

— 

12* 

4 

mA 

—5 

— 

—10 

volts 

0.5 

0.25 

megohm 

1 

1 

megohm 

*  Grid-No.2  input  may  reach  2  watts  for  plate-dissipation  values  of  4  watts  or  less. 

■  This  value  may  be  measured  by  a  method  involving  &  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


6JF6  BEAM  POWER  TUBE 

22XF6 

Novar  type  used  as  horizontal-deflection  amplifier  in 
black-and-white  television  receivers.  Outlines  section, 
18 A;  requires  novar  9-contact  socket.  Type  22JF6  is 
identical  with  type  6JF6  except  for  heater  ratings. 


9QL 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average)  . ; . 

Heater-Cathode  Voltage : 

Peak  value 

Average  value  . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 


6JF6 

22JF6 

6.3 

22 

volts 

1.6 

0.45 

amperes 

— - 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

1.2 

pF 

3  ...... 

22 

PF 

9 

pF 

Class  Aa  Amplifier 


CHARACTERISTICS 


Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . . 

Grid  No.3  (Suppressor  Grid)  . 

Grid-No.2  (Screen-Grid)  Voltage  .... 
Grid-No.  1  (Control-Grid)  Voltage  . . 

Triode  Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . 

Plate  Current  . 

Grid-No.2  Current  . 

Grid-No.l  Voltage  for  plate  current 
of  1  mA  . 


Triode* 

Connection  Pentode  Connection 
125  —  50  130 

—  6500  —  — 

Connected  to  cathode  at  socket 

—  125  125  125 

—20  —  0  —20 

4.1  —  — 

—  —  —  12000 

—  —  —  10000 

—  —  525f  80 

—  —  32f  2.5 

—  —125  —  —40 


volts 

volts 

volts 

volts 

ohm3 
fi  mhos 
mA 
mA 

volts 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 


DC  Plate  Supply  Voltage  . 

.  770 

volts 

Peak  Positive-Pulse  Plate  Voltage#  . 

.  6500 

volts 

Peak  Negative-Pulse  Plate  Voltage  . 

.  —1500 

volts 

DC  Grid-No.  3  Voltage*  . 

.  100 

volts 

DC  Grid-No.2  Voltage  . 

.  220 

volts 

Peak  Negative-Pulse  Grid-No.l  Voltage  . . 

.  —330 

volts 

Peak  Cathode  Current  . 

. 950 

mA 

Average  Cathode  Current  . 

.  275 

mA 

Grid-No.2  Input  . . 

.  3.5 

watts 

Plate  Dissipation f  . 

.  17 

watts 

Bulb  Temeprature  (At  hottest  point)  . 

.  240 

°c 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance : 

For  grid-resistor-bias  operation^:  . 

.  0.47 

megohm 

For  plate-pulsed  operation 

(horizontal-deflection  circuits  only)  . 

.  10 

megohms 

*  Grid-No.2  connected  to  plate  at  socket. 

f  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

*  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

*  In  this  service,  a  positive  value  may  be  applied  to  grid  No.3  to  minimize  “snivets”  inter¬ 
ference;  a  typical  value  for  this  voltage  is  50  volts.  t 

&  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  m  absence  of  excitation. 


PLATE  MILLiAMPERES  (Ifa) 
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800 


TYPE  6JF6 

,  GRID  No.  3  CONNECTED  TO 
L  CATHODE  AT  SOCKET. 

|  GRID -No.  2  VOLTS  =125 


100  200  300  400  500 

PLATE  VOLTS  92CS-II927T2 


Vi 

uj 
cr 
id  . 

c_  I 

2 

< 


.1000 


600 


f  400 


200| 


TYPE  6JF6  GRID-No,  1  V0LTS=  0 

GRID  No.  3  CONNECTED  TO  CATHODE 
at  ctnrkFT 

V?5*" 

iso. 

L 

— 

0 

' 

Y 

— ' 

)0 

75 

hew 

0-No. 

Z  VOL 

,TS  EC 

2  =50 

r 

100  200  300  400  500 

PLATE  VOLTS  92CS-U923T2 


Refer  to  chart  at  end  of  section. 


6JG6 


9QU 


BEAM  POWER  TUBE  17JG6A,  22JG6A 

Novar  type  used  as  horizontal-deflection  amplifier  in 
low-B-j-,  black-and-white  television  receivers.  Outlines 
section,  31B;  requires  novar  9-contact  socket.  For 
curves  of  average  plate  characteristics,  refer  to  type 
6JF6.  Types  17JG6A  and  22JG6A  are  identical  with 
type  6JG6A  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  .  .  _T 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.  o 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 

Class  A,  Amplifier 

Triode* 

CHARACTERISTICS  Connection 

Plate  Voltage  .  . . 

Grid  No.3  (Suppressor  Grid)  . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . 

Grid-No.2  Current  . . . 

Grid-No.  1  Voltage  (Approx.), 

for  plate  current  of  1  mA  . 

m  With  grid  No.2  connected  to  plate  at  socket. 

*  This  value  can  be  measured  by  a  method  involv 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . . . . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Peak  Negative-Pulse  Plate  Voltage  . 

DC  Grid-No. 3  Voltage*  . :  . . 

DC  Grid-No.2  Voltage  . . 

DC  Grid-No.  1  Voltage,  Negative-bias  value  . 

Peak  Negative-Pulse  Grid-No. 1  Voltage  . 

Peak  Cathode  Current  . . . 


6JG6A 

17JG6A 

22JG6A 

6.3 

16.8 

22 

volts 

1.6 

0.6 

0.45 

amperes 

— 

11 

11 

seconds 

00  max  ±200  max 

±200  max 

volts 

00  max 

100  max 

100  max 

volts 

0.7 

PF 

Grid  No. 

3  .... 

22 

pF 

d  No.3  . 

9 

pF 

Pentode 

Connection 


125 

50 

130 

volts 

Connected 

to  cathode 

at  socket 

_ 

125 

125 

volts 

—20 

0 

— 20 

volts 

4.1 

— 

— 

_ 

* — 

12000 

ohms 

_ 

— 

10000 

/*mhos 

_ 

525* 

80 

mA 

— 

32# 

2.5 

mA 

— 

— 40 

volts 

g  a 

recurrent  waveform  such 

that  the 

770 

6500 

-1500 

75 

220 

—55 

—330 

050 


volts 

volts 

volts 

volts 

volts 

volts 

volts 

mA 
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Average  Cathode  Current  .  275  mA 

Plate  Dissipation!  . 17  watts 

Grid-No, 2  Input  . 3,5  watts 

Bulb  Temperature  (At  hottest  point)  .  240  °C 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance,  for  grid-No.l-resistor-bias  operation  2.2  megohms 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

*  In  a  horizontal-deflection-amplifier  service,  a  positive  voltage  (typical  value,  80  volts)  may 
be  applied  to  grid  No.3  to  reduce  “snivets”  interference,  which  may  occur  in  both  vhf  and 
uhf  television  receivers. 

f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


SEMIREMOTE-CUTOFF 
PENTODE 

Miniature  type  used  in  the  gain-controlled  picture  if- 
amplifier  stages  of  color  and  black-and-white  television 
receivers.  Outlines  section,  5C;  requires  miniature  7- 
contact  socket.  For  curves  of  average  plate  characteris¬ 
tics,  refer  to  type  6BZ6. 

Heater  Voltage  (ac/dc)  . . . . . 

Heater  Current  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


0.3  ampere 

±200  max  volts 

100  max  volts 


Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2, 

Grid  No.3,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 
and  Internal  Shield  . 


Unshielded  Shielded" 
0.025  max  0.015  max 

7  7 

2  8 


PF 

pF 

pF 


a  With  external  shield  connected  to  cathode. 


Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  300  volts 

Grid-No.3  (Suppressor-Grid)  Voltage,  Positive  value  .  0  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  .  300  volts 

Grid-No.2  Voltage  .  See  curve  page  96 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  .  0  volts 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  150  volts  .  0.55  watt 

For  grid-No.2  voltages  between  150  and  300  volts  .  See  curve  page  96 


CHARACTERISTICS 

Plate  Supply  Voltage  . . . .  .  125  volts 

Grid  No.3  . . . . .  Connected  to  cathode  at  socket 

Grid-No.2  Supply  Voltage  .  125  volts 

Cathode-Bias  Resistor  .  56  ohms 

Plate  Resistance  (Approx.)  .  0.26  megohm 

Transeonductance  . 8000  /imhos 

Transconductance  Range  for  grid-No.l  voltage  of  — 4.5  volts  and 

cathode-bias  resistor  of  56  ohms  .  400-900  /imhos 

Plate  Current  . 14  mA 

Grid-No.2  Current  .  3.6  mA 

Grid-No.l  Voltage  (Approx.)  for  transconductance  of  50  /imhos  — 19  volts 

MAXIMUM  CIRCUIT  VALUES 


Grid-No.l -Circuit  Resistance : 
For  fixed-bias  operation  . 
For  cathode-bias  operation 


0.25  megohm 

1  megohm 


6JH8  BEAM-DEFLECTION  TUBE 

Miniature  type  used  in  color-demodulator  and  burst- 
gate  circuits  in  color  television  receivers.  This  type 
has  two  plates  and  two  deflecting  electrodes;  the  con¬ 
trol  grid  varies  beam  deflection.  Outlines  section,  6E; 
requires  miniature  9-contact  socket.  Pin  5  should  be 
connected  to  cathode  at  socket.  The  6JH8  should  be 


h,g2js 


9DP 
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so  located  in  the  equipment  that  it  is  not  subjected  to  stray  magnetic  fields. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . .  \ . 

Direct  Interelectrode  Capacitances: 

Grid  No.l  to  All  Other  Electrodes,  Except  Both  Plates 

Grid  No.l  to  Deflecting  Electrode  No.l  . . . 

Grid  No.l  to  Deflecting  Electrode  No. 2  . . 

Plate  No.l  to  All  Other  Electrodes  . . . . 

Plate  No. 2  to  All  Other  Electrodes  . 

Plate  No.l  to  Plate  No.2  . . 

Deflecting  Electrode  No.l  to  All  Other  Electrodes  .  .  . 
Deflecting  Electrode  No.2  to  All  Other  Elecetrodes  .  .  . 
Deflecting  Electrode  No.  1  to  Deflecting  Electrode  No.2 

Color  TV  Demodulator 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  (Each  Plate)  . 

Peak  Deflect ing-Electrode  Voltage  (Each  Electrode)  : 

Negative  value  . 

Positive  value  . . 

Grid-No.3  (Accelerating-Grid)  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  . 

Cathode  Current  . 

Plate  Dissipation  (Each  Plate)  . . . 

Grid-No.3  Input  . . . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l  Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


6.3 

volts 

0.3 

amperes 

7.5 

pF 

0.04  max 

pF 

0.07  max 

pF 

5.0 

pF 

5.0 

pF 

0.4 

pF 

4.8 

pF 

4.8 

pF 

0.38 

pF 

330 

volts 

* — 165 

volts 

165 

volts 

330 

volts 

0 

volts 

33 

mA 

3  watts 

1  watt 


0.1  megohm 

0.25  megohm 


Class  Ai  Amplifier 

With  both  plates  connected  together  and  with  both 
deflecting  electrodes  connected  to  cathode  at  socket 


CHARACTERISTICS 

Plate-No.  1  Supply  Voltage  . . . 

Plate-No.2  Supply  Voltage  . 

Grid-No.3  Voltage  . . 

Cathode-Bias  Resistor  . . 

Transconductance  . * 

Total  Plate  Current  . . . . 

Grid-No.3  Current  . 

Grid-No.l  Voltage  (Approx.)  for  total  plate  current  of  10  &A  - 


250 

volts 

250 

volts 

250 

volts 

220 

ohms 

4400 

/tmhos 

14 

mA 

1.5 

mA 

• — 13 

volts 

DUAL  TRIOBE 


Miniature  type  used  as  combined  rf-amplifier  and 
mixer-oscillator  tube  in  FM  tuners.  Unit  No.l  is  used 
as  an  oscillator-mixer,  and  unit  No.2  is  used  as  an  rf 
amplifier.  Outlines  section,  6B;  requires  miniature  9- 
contact  socket  and  may  be  mounted  in  any  position. 


Heater  Voltage  (ac/dc)  . . . .  6.3 

Heater  Current  . .  0.4 

Peak  Heater-Cathode  Voltage  . _ .  —  100  max 

Direct  Interelectrode  Capacitances :  Unit  No.l  Unit  No.2 

Grid  to  Plate  .  1.4  0.6 

Grid  to  Cathode,  Heater,  and  Internal  Shield  . .  3  5 

Plate  to  Cathode,  Heater,  and  Internal  Shield  . .  1  4 

Heater  to  Cathode  . 2.8  2.8 

Grid  of  Unit  No.l  to  Grid  of  Unit  No.2  . . ...»  0.003  max 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  . .  0.009  max 


volts 

ampere 

volts 

pF 

pF 

pF 

pF 

pF 

pF 


Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . ; . : . ; ;  ...  • 

Negative  Grid  Voltage  : . . . . 

Average  Cathode  Current  - - 

Plate  Dissipation  . ^  . . ... « . . • 

CHARACTERISTICS 

Plate  Voltage 


Unit  No.l 

Unit  No.2 

Oscillator 

RF  Amplifier 

1635 

200 

volts 

—50 

—50 

volts 

22 

22 

mA 

1 

2 

watts 

xp 

135 

volts 
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Grid  Voltage  . 

—1 

—1.2 

volts 

Amplification  Factor  . , . 

55 

70 

Plate  Resistance  (Approx.)  . 

8000 

5400 

ohms 

Ti’ansconductance  . . 

G800 

13000 

/imhos 

Plate  Current  . 

5.3 

10 

mA 

Grid  Voltage  (Approx.)  : 

For  plate  current  of  20  ju. A  . 

—4.4 

volts 

For  transconductance  of  150  /imhos  . 

— ■ 

—5.5 

volts 

For  transconductance  of  1500  /.imhos  . 

— 

—2.8 

volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance,  for  cathode-bias  operation  . . 

1 

1 

megohm 

BEAM  POWER  TUBE 

17JM6 

17JM6A 

Duodecar  types  used  as  horizontal-amplifier  tubes  in 
color  and  biack-and-white  television  receivers.  Outlines 
section,  16A;  require  duodecar  12-contact  socket.  Types 
17JM6  and  17JM6A  are  identical  with  types  6JM6  and 
6JM6A  except  for  heater  ratings. 


6JM6 

6JM6A 


NC  NC 


12FJ 


Heater  Voltage  (ac/clc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . . . .  •••* 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.  2,  and  Grid  No.  3  .  . 


6JM6 

17.IM6 

6.TM6A 

17JM6A 

6.3 

16.8 

volts 

1.2 

0.45 

amperes 

— 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

0.6 

pF 

16 

pF 

7.0 

pF 

Class  Ax  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.  3  (Suppressor-Grid)  . 

Grid-No.2  (Screen-Grid)  Voltage  .... 

Grid-No.  1  (Control-Grid)  Voltage  . .  . 

Plate  Resistance  (Approx.)  .  — 

Transconductance  . .  — 

Plate  Current  . — 

Grid-No.2  Current  . — 

Grid-No.  1  Voltage  (Approx.)  for  plate 

current  of  1  /tA  .  — 100 

Amplification  Factor  . . . ;  • 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1 -Circuit  Resistance  . 

*  This  value  can  be  measured  by  a  method  utilizing 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

**  Grid  No.2  tied  to  plate. 


Pentode  Connection 
5000 
Coni 
150 


Triode** 

Connection 


60* 

250 

150 

volts 

1  to  cathode  at  socket 

150 

150 

150 

volts 

0 

—22.5 

—22.5 

volts 

18000* 

>e  - - 

ohms 

_ 

7300 

— 

/imhos 

345* 

65 

— 

mA 

27*f 

1.8 

— 

mA 

— 

—42 

_ _ 

volts 

—  . 

4.4 

1 

megohm 

a  recurrent 

waveform  such 

that  the 

•  For  type  6JM6A  this  value  is  55. 

«•  For  type  6JM6A  this  value  is  15000. 
f  For  type  6JM6A  this  value  is  30. 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . . 

Peak  Positive-Pulse  Plate  Voltage#  . • . .  • 

Peak  Negative-Pulse  Plate  Voltage  . . . . . 

DC  Grid-No.  3  Voltage  . . . * - <■  ♦  . . .  •  • 

DC  Grid-No.2  Voltage  . . . . *  •  *  . . . 

DC  Grid-No.  1  Voltage,  Negative-bias  value  . . . 

Peak  Negative-Pulse  Grid-No.1  Voltage  . . . . . . . . . 

Average  Cathode  Current  - - - - -  •  •  *  * . 

Peak  Cathode  Current  - - - - - 

Plate  Dissipation##  . .. ...  « .  - » - «  - . 


770 

6500 

—1500 

70 

220 

—55 

—330 


175 

560 

17,5 


volts 

volts 

volts 

volts 

volts 

volts 

volts 

raA 

raA 

watts 


Technical  Data 
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Grid-No. 2  Input  . .  . . . .  3.5  watts 

Bulb  Temperature  (At  hottest  point)  . .  . .  220  °C 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 
##  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


12FK 


6JN6 

BEAM  POWER  TUBE  I2JN6, 17JN6 

Duodecar  type  used  as  horizontal-amplifier  tube  in 
color  and  black-and-white  television  receivers.  Outlines 
section,  15 A;  requires  duodecar  12-contact  socket.  This 
type  is  electrically  identical  with  type  6JM6  except 
that  it  has  a  slightly  lower  grid-N©.l~to-plate  capaci¬ 
tance.  Types  12JN6  and  17JN6  are  identical  with  type 
6JN6  except  for  heater  ratings. 


6JN6 

12JN6 

17JN6 

6.3 

12.6 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

— 

11 

11 

seconds 

0.34 

pF 

No.3  .  .  . 

16 

pF 

.3 . 

7.0 

1>F 

Heater  Voltage  (ac/de)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Direct  Interelectrode  Capacitances : 
Grid  No.l  to  Plate  . 


MEDIUM-MU  TRIODE—  6JN8 

SHARP-CUTOFF  PENTODE  12JN8,  191N8 

Miniature  type  used  as  FM  converter  and  rf  amplifier 
in  radio  receivers.  Outlines  section,  6B;  requires  minia¬ 
ture  9-contact  socket.  Types  12JN8  and  19JN8  are 
identical  with  type  6JN8  except  for  heater  ratings. 


6JN8  12JN8 

Heater  Voltage  (ac/dc)  .  6.3  12.6 

Heater  Current .  .  0.45  0.225 

Heater  Warm-up  Time  (Average)  .  11  ~~ 

Heater-Cathode  Voltage : 

Peak  value  .  ±200  max  ±200  max 

Average  value  .  100  max  100  max 


Direct  Interelectrode  Capacitances  :* 

Pentode  Unit : 

Grid  No.l  to  Plate . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and  Internal 


Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.8,  and  Internal 

Shield  . . 

Triode  Unit: 

Grid  to  Plate  . . 

Grid  to  Cathode,  Heater,  Pentode  Cathode,  Grid  No.3, 

and  Internal  Shield  . . . 

Plate  to  Cathode,  Heater,  Pentode  Cathode,  Grid  No.3, 
and  Internal  Shield  . .  . . . . . . . 


19JN8 

18.9 

0.15 


±200  max 
100  max 


0.01 

5.5 


3.2 

2.2 


#  With  external  shield  connected  to  cathode  of  unit  under  test. 


volts 

ampere 

seconds 

volts 

volts 


PF 

pF 

PF 

pF 

pP 

pF 


CJass  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Triode  Unit  Pentode  Unit 

300  300 

volts 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

— ■ 

300 

volts 

Grid-No.2  Voltage  . . . 

Grid-No,  1  (Control-Grid)  Voltage,  Positive-bias  value 

0 

See  curve  page  96 

0 

volts 

Plate  Dissipation  . 

2.5 

2.5 

watts 

Grid-No. 2  Input : 

For  grid-No.2  voltages  up  to  150  volts . 

_ 

0.55 

watt 

For  grid-No.2  voltages  between  150  and  300  volts 

CHARACTERISTICS 

Plate  Voltage  .  .  .  . . 

125 

See  curve  page  96 

125 

volts 

Grid-No.2  Voltage  . . . 

— 

125 

volts 

Grid-No.  1  Voltage  . 

—1 

— 1 

volt 

Amplification  Factor  . 

46 

— 
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Plate  Resistance  (Approx.)  . . . . 

Transconductance  . 

Plate  Current  . . 

Grid-No.2  Current  . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

10  fiA  . . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1 -Circuit  Resistance : 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  .  .  .  . . . . 


5400 

8500 

13.5 


2.2 

2.2 


200000 

7500 

12 

4 

—8 


2.2 

2.2 


ohms 

#mhos 

mA 

mA 

volts 


megohms 

megohms 


6JS6 


Refer  to  chart  at  end  of  section. 


6JS6 

6JS6A 

31JS6A 


BEAM  POWER  TUBE 


Duodecar  types  used  as  horizontal-deflection  amplifiers 
in  color  and  black-and-white  television  receivers.  Out¬ 
lines  section,  16B;  require  duodecar  12-contact  socket. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage: 

Peak  value  . 

Average  value  . 

Direct  Interelectrode  Capacitances: 
Grid  No.l  to  Plate  . . 


Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 

Class  Al  Amplifier 

CHARACTERISTICS 


6JS6 

6JS6A 

6.3 

31JS6A 

31.5 

volts 

2.25 

0.45 

amperes 

— 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

0.7 

pF 

3  . 

24 

pF 

10 

pF 

Triodeft 

Connection 

125 


Pentode  Connection 

5000  70*  175 

Connected  to  cathode  at  socket 


volts 


125 

125 

125 

125 

—25 

_ ^ .. 

0 

—25 

_ 

— 

5600 

_ 

_ 

_ 

11300 

_ 

_ _ 

570f 

125 

— 

— 

34f 

4.5 

_ 

—140 

— 

—54 

volts 

volts 

ohms 

/imhos 

mA 

mA 

volts 


megohm 


Plate  Voltage  . • . 

Grid  No.3  (Suppressor  Grid)  . 

Gvid-No.2  (Screen-Grid)  Voltage  - 

Grid-No.  1  (Control-Grid)  Voltage  - 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . 

Grid-No.  2  Current  . . . v  •• 

Grid-No.  1  Voltage  (Approx.)  for  plate 

current  of  1  mA  . 

Triode  Amplification  Factor  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1 -Circuit  Resistance  . 

t  These  values  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded, 
ft  Grid  No.2  connected  to  plate. 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  .  .  .  . . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Peak  Negative-Pulse  Plate  Voltage  . 

DC  Grid-No. 3  Voltage  . 

DC  Grid-No.  2  Voltage  .  .  ...  . . 

Peak  Negative-Pulse  Grid-No. I  Voltage  . . 

Average  Cathode  Current  . 

Peak  Cathode  Current  . 

Plate  Dissipation**  . 

Grid-No. 2  Input  . . ;  ■  •  . . 

Bulb  Temperature  (At  hottest  point)  . 

#  Pulse  duration  must  not  exceed  15%  of  one  horizontal  scanning  cycle  (10  microseconds). 
**  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 

•  For  the  6JS6  this  value  is  62. 


990 

volts 

7500 

volts 

1100 

volts 

70 

volts 

190 

volts 

-250 

volts 

315 

mA 

1100 

mA 

28 

watts 

5.5 

watts 

225 

°C 

Technical  Data 
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6JT6 

6JT6A 

123T6,  12JT6A, 
17JT6,  17JT6A 


Novar  types  used  as  horizontal-deflection  amplifiers  in 
high-efficiency  deflection  circuits  of  black-and-white 
9QU  television  receivers  employing  wide-angle  or  high- 

voltage  picture  tubes.  Outlines  section,  17C  and  31  A,  respectively;  require 
novar  9-contact  socket.  Types  12JT6  and  12JT6A  and  types  17JT6  and 
17JT6A  are  identical  with  types  6JT6  and  6JT6A  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 
Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . 

Direct  Interelectrode  Capacitances : 
Grid  No.l  to  Plate  . 


6JT6 

12JT6 

17JT6 

6JT6A 

12JT6A 

17JT6A 

6.3 

12.6 

16.8 

volts 

1.2 

0.6 

0.45 

amperes 

.  — 

11 

11 

seconds 

±200  max  ±200  max 

±200  max 

volts 

100  max 

100  max 

100  max 

volts 

0.26 

pF 

and  Grid  No.3 

15 

pF 

Grid  No.3  . . .  . 

6.5 

pF 

Class  Ai  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  No.3  (Suppressor  Grid)  . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . . . 

Grid-No.l  (Screen-Grid)  Voltage  . 

Triode  Amplification  Factof*  . . . 

Plate  Resistance  (Approx.):  . 

Transconductance  . . . . . 

Plate  Current  . . . .  . .  . . 

Grid-No.2  Current  . .  . . 

Grid-No. I  Voltage  (Approx.)  for  plate  current  of 
1  mA  . 


Pentode  Triode* 
Connection  Connection 


60 

250 

150 

volts 

Connected 

to  cathode 

at  socket 

150 

150 

150 

volts 

0 

—22.5 

—22.5 

volts 

— 

— . 

4.4 

_ 

15000 

— 

ohms 

— 

7100 

— 

^mhos 

390" 

70 

— . 

mA 

32* 

2.1 

— 

mA 

- _ 

—42 

— . 

volts 

*  Grid  No.2  connected  to  plate. 


*  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 
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Horizontal-Deflection  Amplifier 


For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . . . . * . . 

Peak  Positive-Pulse  Plate  Voltage#  . . . . . 

Peak  Negative-Pulse  Plate  Voltage  . 

DC  Grid-No.3  Voltage*  . . 

DC  Grid-No. 2  Voltage  . - . 

DC  Grid-No.  1  Voltage,  Negative-bias  value  . 

Peak  Negative-Pulse  Grid-No.  1  Voltage  . . 

Peak  Cathode  Current  . . . . . 

Average  Cathode  Current  . • . . . • . 

Plate  Dissipation!  . . . . 

Grid-No.2  Input  . . . * 

Bulb  Temperature  (At  hottest  point)  . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance,  for  grid-resistor-bias  operation  .  .  .  .  . . 


770 

volts 

6500 

volts 

-1500 

volts 

70 

volts 

220 

volts 

--55 

volts 

—330 

volts 

550 

mA 

175 

mA 

17.5 

watts 

3.5 

watts 

240 

°G 

1 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a 


horizontal  scanning  cycle  (10  microseconds). 
*  A  positive  voltage  may  be  applied  to  grid  No.3  to  reduce  interference  from  “sni vets”  which 
may  occur  in  television  receivers.  A  typical  value  for  this  voltage  is  30  volts. 

|A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


-500 

H 

u )  400 

DC 

Hi 

|  300 

5  200 
Ui 

tj 

a!  100 

TYPE  6JT6A 

GRID  No.3  CONNECTED  TO 
CATHODE  AT  SOCKET. 

OJ 

O 

H 

<n 

ui 

AC 

UJ 

a. 

z 

< 

150  U 

-J 

35 

ioo  «! 

o 

Z 

50  | 

'GRID 

-No.2  V0LTS  =  I50 

a 

m 

B 

■ 

HI 

■ 

l| 

. 

H5  ' 

mat 

EE 

--20  - 

fgm 

Mi 

-25 

' _ J 

■  o 

0 

_ 

0  100  200  300 

PLATE  VOLTS  92CS-I2480T 


HIGH-MU  TRiODE— 
SHARP-CUTOFF  PENTODE 

10JT8 

Miniature  type  with  frame-grid  pentode  unit  used  in 
color  and  black-and-white  television  receivers.  The 
triode  unit  is  used  as  a  voltage-amplifier  or  sync- 
separator  tube,  and  the  pentode  unit  is  used  as  a 
video-amplifier  tube.  Outlines  section,  10 A,  except  base 
is  small-button  miniature  9-pin;  requires  miniature  9- 
contact  socket.  Type  10JT8  is  identical  with  type 
6JT8  except  for  heater  ratings. 


Heater  Voltage  (ac/dc) 

6.m 

6.3 

0.725 

10JT8 

10.2 

0.45 

volts 

ampere 

seconds 

volts 

volts 

Heater  Warm-up  Time 
Heater-Cathode  Voltage : 

(Average  . 

±200  max 
100  max 

11 

±200  max 

100  max 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  . 

Triode  Unit 

CM..  4-,.  VaH  o«0  .  330 

Pentode  Unit 

330 

volts 

volts 

volts 

watts 

Grid-No.2  (Screen-Grid) 

Supply  Voltage  . 

—  330 

—  See  curve  page  96 

Grid-No.  1  (Control-Grid) 
Plate  Dissipation  . 

Voltage,  Positive-bias  value 

0 

1 

0 

4 

Technical  Data 


Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . , . . . . 

Grid-No.2  Supply  Voltage  . . . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . 

Plate  Current  . . . 

Grid-No.2  Current  . .  . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

100  fiA  . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

20  /iA  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  .  . . . . 
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— - 

1.1 

watts 

’ — 

See  curve  page  96 

260 

50 

200 

volts 

— 

100 

100 

volts 

—2 

0 

■  — - 

volts 

— 

__ 

82 

ohms 

100 

■  — 

•— 

37000 

>'  . — 

50000 

ohms 

2700 

— 

20000 

jumhos 

1.5 

55- 

17 

mA 

— 

18* 

3,5 

mA 

— 

— 

—5 

volts 

— 6.3 

— 

— 

volts 

0.5 

0.25 

megohm 

1 

1 

megohm 

*  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


BEAM  POWER  TUBE  6JU6 

Novar  type  used  as  horizontal-deflection  amplifier  in 
color  television  receivers.  Outlines  section,  18A;  re¬ 
quires  novar  9-contact  socket. 


SQL 


Heater  Voltage  (ac/de)  . . . 

Heater  Current  . . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . 


6.3  volts 

1.6  amperes 

±200  max  volts 

100  max  volts 


1.2 

22 


pF 

pF 

PF 


CHARACTERISTICS 


Class  Ai  Amplifier 


Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . . 

Grid  No.3  (Suppressor  Grid)  . 

Grid-No.2  (Screen-Grid)  Voltage  .... 
Grid-No.l  (Control-Grid)  Voltage 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . . 

Grid-No.2  Current  . 

Grid-No.l  Voltage  for  plate  current 
of  1  mA  . 


Triodet 

Connection  Pentode  Connection 


125 

„ 

50 

130 

volts 

— 

6500 

Connected 

to  cathode  at  socket 

volts 

125 

125 

125 

125 

volts 

— 20 

— 

0 

—20 

volts 

4.7 

— 

— 

— 

volts 

— 

— 

18000 

ohms 

— 

— 

— 

7000 

iimhos 

. — . 

— 

470ft 

45 

mA 

__ 

32ft 

1.5 

mA 

— 

— 75 

— 

—32 

volts 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 


DC  Plate  Supply  Voltage  . . .  770 

Peak  Positive-Pulse  Plate  Voltage#  . . .  6500 

Peak  Negative-Pulse  Plate  Voltage  . . .  * — 1500 

DC  Grid-No. 3  Voltage-  .  75 

DC  Grid-No.2  Voltage  .  220 

DC  Grid-No.l  Voltage,  Negative-bias  value  .  — 55 

Peak  Negative-Pulse  Grid-No.l  Voltage  .  — 330 

Peak  Cathode  Current  . .  1)50 

Average  Cathode  Current  .  275 

Grid-No.2  Input  . 3.5 

Plate  Dissipation--  . .  20 

Bulb  Temperature  (At  hottest  point)  .  . - » <  240 


volts 

volts 

volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 
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MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance:  , 

For  grid-resistor-bias  operation  . . . . . .  0.47  megohm 

For  plate-pulsed  operation  . . .  10  megohms 

#  Pulse  duration  must  not  exceed  15%  of  one  horizontal  scanning  cycle  (10  microseconds)* 
f  Grid  No.2  connected  to  plate. 

ft  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

»  In  this  service,  a  positive  value  may  be  applied  to  grid  No.3  to  minimize  “snivels”  inter¬ 
ference;  a  typical  value  for  this  voltage  is  30  volts. 

*  a  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation* 


6  JUS 
6  JUS  A 


QUADRUPLE  DIODE 


Miniature  types  used  in  phase-detector  and  noise-im¬ 
mune  color-killer  circuits  of  color  television  receivers, 
and  in  bridge-matrixing  circuits  in  FM  stereo  multiplex 
equipment.  Outlines  section,  6E  and  6B,  respectively; 
require  miniature  9-contact  socket.  Units  1  and  2  are 
shielded  from  units  3  and  4  to  minimize  coupling  be¬ 
tween  the  series-connected  pairs  of  diodes. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . . 

Peak  Heater-Cathode  Voltage  . 

Direct  Intereleetrode  Capacitances  (Approx.)  : 

Plate  of  Unit  No.l  and  Cathode  of  Unit  No.2  to  Cathode  of 

Unit  No.l  . 

Plate  of  Unit,  No.l  and  Cathode  of  Unit  No.2  to  Plate  of 

Unit  No.2  . .  .  .  .  . . . 

Plate  of  Unit  No.2  to  Heater  and  Internal  Shield  . 

Plate  of  Unit  No.3  and  Cathode  of  Unit  No.4  to  Cathode  of 

Unit  No.3  . . 

Plate  of  Unit  No.3  and  Cathode  of  Unit  No.4  to  Plate  of 

Unit  No.4  . _ . . . 

Plate  of  Unit  No.4  to  Heater  and  Internal  Shield  . 

Cathode  of  Unit  No.l  to  Heater  and  Internal  Shield  . 

Cathode  of  Unit  No.3  to  Heater  and  Internal  Shield  . . 

MAXIMUM  RATINGS  (Design-Center  Values,  Each  Diode  Unit) 

Peak  Inverse  Plate  Voltage  . . . 

Peak  Plate  Current  . . . . . 

Average  Output  Current  . . . 

CHARACTERISTICS,  Instantaneous  Value  (Each  Unit) 

Plate  Current  for  plate  voltage  of  10  volts  . 


H 


Krv*  — l  rCs 

^\/T\P02 

1404  (fs - - 

9PQ 

*8 

volts 

0.6 

ampere 

±300  max 

volts 

1.8 

pF 

2.2 

pF 

0.62 

pF 

1.9 

pF 

2.2 

pF 

0.94 

pF 

1.8 

pF 

1.9 

pF 

300 

volts 

54 

volts 

9 

mA 

60 

mA, 

@RI0“No2  MILLIAMPERES  (leg) 


Technical  Data 
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9DX 


HIGH-MU  TRIODE—  6JV8 

SHARP-CUTOFF  PENTODE  8JV8 

Miniature  type  used  in  television  receiver  applications, 
particularly  those  having  low-voltage  “B”  supplies. 
The  triode  unit  is  used  in  sound-if,  keyed-age,  sync- 
separator,  sync-amplifier,  and  noise-suppression  cir¬ 
cuits.  The  pentode  unit  is  especially  useful  as  a  video 
amplifier  tube.  Outlines  section,  6E;  requires  minia¬ 
ture  9-contact  socket.  Type  8JV8  is  identical  with  type 
6JV8  except  for  heater  ratings. 


6JV8  8.1  V8 

Heater  Voltage  (ac/dc)  .  6.3  8.5 

Heater  Current  .  0.6  0.45 

Heater  Warm-up  Time  (Average)  .  11  11 

Heater -Cathode  Voltage : 

Peak  value  . ±200  max  ±200  max 

Average  value  .  100  max  100  max 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Triode  Unit : 

Grid  to  Plate  .  2.2 

Grid  to  Cathode  and  Heater  . .  3 

Plate  to  Cathode  and  Heater  . . .  2 

Pentode  Unit : 

Grid  No.l  to  Plate  . 0.08  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . 8 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  .  3.2 

Pentode  Grid  No.l  to  Triode  Plate  .  0.012  max 

Pentode  Plate  to  Triode  Plate  . .  0.24  max 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 

pF 

PF 

pF 

pF 

pF 


Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 


Triode  Unit  Pentode  Unit 


Plate  Voltage  . . 

330 

330 

volts 

Grid-No.  2  (Screen-Grid)  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage: 

— 

330 

volts 

Positive-bias  value  . 

0 

0 

volts 

Negative-bias  value  . 

—50 

—50 

volts 

Plate  Dissipation  . . . 

1.1 

4 

watts 

Grid-No.2  Input  . 

CHARACTERISTICS 

Triode  Unit 

—  1.7 

Pentode  Unit 

watts 

Plate  Voltage  . 

200 

60 

125 

200 

volts 

Grid-No.2  Voltage  . . . . 

200 

125 

200 

volts 

Grid-No.l  Voltage  . 

— 2 

0 

—1 

—2.9 

volts 

Amplification  Factor  . . 

70 

— 

— 

Plate  Resistance  (Approx.)  . . 

0.0175 

_ 

0.1 

0.15 

megohm 

Transconductance  . . . 

4000 

— 

11500 

10700 

{im  hos 

Plate  Current  . 

4 

51* 

22 

22 

mA 

Grid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate 

— 

14* 

4 

4 

raA 

current  of  20  (iA  . 

—6 

—5.5 

—9 

volts 
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MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1 -Current  Resistance: 
For  fixed-bias  operation 
For  cathode-bias  operation 


0.5 

1 


maximum  ratings  of  the  tube  will  not  foe  exceeded. 


6JW8/ 

ECF802 


MEDIUM-MU  TRIODE— 
6LX8/LCF802  SHARP-CUTOFF  PENTODE 

Miniature  type  used  as  horizontal-oscillator  and  fre¬ 
quency-control  tube  in  color  and  black-and-white  tele¬ 
vision  receivers.  Outlines  section,  6B;  requires  minia¬ 
ture  9-contact  socket.  Type  6LX8/LCF802  is  identical 
with  type  6JW8/ECF802  except  for  heater  ratings. 

6JW8/ 
ECF802 

.  6.3 

.  0.43 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . 

Class  An  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 


±200  max 
100  max 


Plate  Supply  Voltage  . . . 

Plate  Voltage  . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No. 2  Voltage  . 

Peak  Cathode  Current®  . 

Cathode  Current  . 

Plate  Dissipation  . . . 

Grid-No.2  Input  . . . 

Input  Impedance  at  60  cycles  . 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage  . 

Mu  Factor,  Grid-No.l  to  Grid-No.2  . 

Amplification  Factor  . 

Input  Resistance  . 

Transconductance  . . . 

Plate  Current  . 

Grid-No.2  Current  . 

Plate  Current : 

For  grid-No.l  voltage  of  0  volts  . 

For  grid  current  of  10  fiA  . 

Grid-No.2  Current  for  grid-No.l  voltage  of  0  volts 
Grid-No.l  Voltage : 

For  grid-No.l  current  of  -f-0.3  //A  . 

For  plate  and  grid-No.2  voltage  of  200  volts 
and  plate  current  of  10  ft  A  . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No. 1-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


Triode  Unit 
550 
250 


10 

1.4 


50 


200 

- — 2 

70 

0.2 

3500 

3.5 


10 


• — 1.3 


6JZ8 

17JZ8 


MEDIUM-MU  TRIODE— 
BEAM  POWER  TUBE 


0.25 

megohm 

1 

megohm 

waveform  such 

that  the 

H 

PP 

V  rKp 

G2p, _ _  /fjf 

(  3  V/j  _  Z* — 

“17JIS 

r  jV-. — ^ 

PT 

°gt 

9AE 

6LX8/ 

LCF802 

6.0 

volts 

0.45 

ampere 

±200  max 

volts 

100  max 

volts 

Pentode  Unit 

550 

volts 

250 

volts 

550 

volts 

250 

volts 

50 

mA 

15 

mA 

1.2 

watts 

0.8 

watts 

300 

kohms 

100 

volts 

100 

volts 

—1 

volts 

47 

0.4 

megohm 

5500 

/zmhos 

6 

mA 

1.7 

mA 

12.5 

mA 

— . 

mA 

3.5 

mA 

— 1.3 

volts 

— 16 

volts 

0.56 

megohm 

1.0 

megohms 

ion  of  30  microseconds. 

Gl&  % 

m^(h)  (t) 

A** 

_  ®^<! 

®  kb 

Duodecar  type  used  in  combined  vertical-deflection-os- 
cillator  and  vertical-deflection-amplifier  applications  in  pT 
television  receivers.  Outlines  section,  8C;  requires  duo¬ 
decar  12-contact  socket. 


Technical  Data 

Heater  Voltage  (ac/dc)  - 

6JZ8 

6.3 

17JZ8 

16.8 

329 

volts 

Heater  Current  . . 

. . , 

1.2 

0.45 

amperes 

Heater  Warm-up  Time  . 

— . 

11 

seconds 

Heater-Cathode  Voltage : 

Peak  value  . . 

±200  max 

±200  max 

volts 

Average  value  . . 

100  max 

100  max 

volts 

CHARACTERISTICS 

Plate  Voltage  . . 

Class  Ax  Amplifier 

Triode  Unit  Beam  Power  Unit 
. . 150  45  120 

volts 

Grid-No.2  (Screen-Grid)  Voltage  . 

— 

110 

no 

volts 

Grid-No.l  (Control-Grid*)  Voltage 

—5 

0 

— 8 

volts 

Amplification  Factor  . . 

20 

— 

— 

ohms 

Plate  Resistance  (Approx.)  .  . 

8500 

— 

11700 

Transconductance  . . 

2350 

— 

7100 

1 rnihos 

Plate  Current  . 

5.5 

122“ 

46 

mA 

Grid-No.2  Current  . 

— 

16.5* 

3.5 

mA 

Grid-No.l  Voltage  (Approx.) 
of  10'  jsc  A  . 

for 

plate 

current 

—10 

_ 

— 

volts 

Grid-No.l  Voltage  (Approx.) 
of  100  ix A  . . 

for 

plate 

current 

— 

— 

—25 

volts 

■  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Vertical-Deflection  Oscilialor  and  Amplifier 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . 

DC  Grid-No. 2  Voltage  . 

Peak  Negative-Pulse  Grid-No.  1  Voltage  . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . . . 

Plate  Dissipation®  . ...... . 

Grid-No.2  Input  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . 


Triode 

Beam  Power 

Unit 

Unit 

Oscillator 

Amplifier 

250 

250 

volts 

— 

2000 

volts 

— 

200 

volts 

—400 

—150 

volts 

70 

245 

mA 

20 

70 

mA 

1 

7 

watts 

— . 

1.8 

watts 

1 

1 

megohm 

2.2 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 

®  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


Refer  to  chart  at  end  of  section. 


6K5GT 


73 


POWER  PENTODE  6IC6GT 

Glass  octal  type  used  in  output  stage  of  radio  re¬ 
ceivers  and,  triode-connected,  as  a  vertical-deflection 
amplifier  in  television  receivers.  This  type  may  he  sup¬ 
plied  with  pin  No.l  omitted.  Outlines  section,  13D;  re¬ 
quires  octal  socket.  This  tube,  like  other  power-han¬ 
dling  tubes,  should  be  adequately  ventilated. 


Heater  Voltage  (ac/dc)  . . . . . 

Heater  Current  . 

Heater-Cathode  Voltage : 

Peak  value  , . . . . . 

Average  value  . . . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  ,  .  . 

Class  Ax  Amplifier 

MAXIMUM  RATING  (Design-Center  Values) 

Plate  Voltage  . . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Plate  Dissipation  ....... . . . 

Grid-Nq.2  Input  . . . . . 


6.3 

volts 

0.4 

ampere 

±200  max 

volts 

100  max 

volts 

0.5 

pF 

5.5 

pF 

6.0 

pF 

. 

315 

volts 

. 

285 

volts 

. 

8.5 

watts 

2.8 

watts 
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TYPICAL  OPERATION 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage  .  . 

Peak  AF  Grid-No.  1  Voltage  . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current 

Zero-Signal  Grid-No,2  Current  . 

Maximum-Signal  Grid-No.2  Current 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Load  Resistance  .  . . . 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output  .  .  . 


Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . 

Grid-No.l  Voltage  . . . . 

Cathode-Bias  Resistor  . 

Peak  AF  Grid-No.  1-to-Grid-No.l  Voltage  . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  . 

Effective  Load  Resistance  (Plate-to-plate) 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output  . 

CHARACTERISTICS  (Triode  Connection)* 

Plate  Voltage  . 

Grid-No.l  Voltage  . 

Plate  Current  . 

Transconductance  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 


100 

250 

315 

volts 

100 

250 

250 

volts 

— 7 

—18 

—21 

volts 

7 

18 

21 

volts 

9 

32 

25.5 

mA 

9.5 

33 

28 

mA 

1.6 

5.5 

4.0 

mA 

3 

10 

9 

mA 

104000 

90000 

110000 

ohms 

1500 

2300 

2100 

jumhos 

12000 

7600 

9000 

ohms 

11 

11 

15 

per  cent 

0.35 

3.4 

4.5 

watts 

two  tubes) 

Fixed 

Cathode 

Bias 

Bias 

285 

285 

volts 

285 

285 

volts 

—25.5 

_ 

volts 

400 

ohms 

51 

51 

volts 

55 

55 

mA 

72 

61 

mA 

9 

9 

mA 

17 

13 

mA 

12000 

12000 

ohms 

6 

4 

per  cent 

10.5 

9.8 

watts 

250 

volts 

—18 

volts 

37.5 

mA 

2700 

/imhos 

6.8 

2500 

ohms 

0.5  mA  . 

—48 

volts 

0  1 

megohm 

0.5 

megohm 

MAXIMUM  CIRCUIT  VALUES 

Grid-No. 1-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 

*  Grid-No.2  connected  to  plate. 

Vertical  Deflection  Amplifier  (Triode  Connection)* 

For  operation  in  a  525-line,  30-frame  system 

MAXIMUM  RATINGS 

DC  Plate  Voltage  . . .  31 5  volts 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  maximum)  .  1200°  volts 

Peak  Negative- Pulse  Grid-No.l  Voltage  . . .  — 

Peak  Cathode  Current  .  7| 

Average  Cathode  Current  . .  ^ 

Plate  Dissipation  . 7  ^atts 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance,  for  cathode-bias  operation  .  2.2  megonms 

*  Grid  No.  2  connected  to  plate. 

*  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 

0  Under  no  circumstances  should  this  absolute  value  be  exceeded. 


6K7 

6K7G 

6K7GJ 


Refer  to  chart  at  end  of  section. 


6  KB 

Refer  to  chart  at  end  of  section. 

6K8GT 

6K11  Refer  to  chart  at  end  of  section. 


Technical  Data 


3S1 


Kt2  G'T2 

Pt2^  ®_©  ,-JS 


THREE-UNIT  TRIODE 


/ 


6Q11 


Duodecar  type  used  as  combined  age,  sync,  and  noise- 
H  H  inverter  tube  in  television  receivers.  Outlines  section, 

12BY  8A;  requires  duodecar  12-contact  socket.  Heater:  volts 

(ac/dc),  6.3  amperes,  0.6;  warm-up  time  (average),  11  seconds;  maximum 
heater-cathode  volts,  ±200  peak,  100  average. 


Class  Aj  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Unit  No.l 

Units  Nos. 2  and  3 

Plate  Voltage  . . 

330 

330 

volts 

Grid  Voltage : 

Negative-bias  value  . 

—50 

—50 

volts 

Positive-bias  value  ...  . 

0 

0 

volts 

Cathode  Current  . 

20 

— 

mA 

Plate  Dissipation  . . 

2.75 

0.3 

watts 

CHARACTERISTICS 

Plate  Voltage  . . . . 

250 

250 

volts 

Grid  Voltage  . 

—8.5  . 

—2 

volts 

Amplification  Factor  . . 

17 

100 

Plate  Resistance  (Approx.)  . . 

7700 

62500 

ohms 

Trans  conductance 

2200 

1600 

/imhos 

Plate  Current  . 

10.5 

1.2 

mA 

Grid  Voltage  (Approx.)  for  plate  current  of  10  p A 

—24 

— 

volts 

HIGH-MU  TRIODE— 

SHARP-CUTOFF  PENTODE  8ft  A8 

7 )G3p  Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receivers.  The  triode  unit  is  used  in  sync-sepa- 
a)G2p  rator  circuits;  the  pentode  unit  has  two  independent 
control  grids  and  is  used  in  gated-age-amplifier  and 
noise-inverter  circuits.  Outlines  section,  6E;  requires 
9PV  miniature  9 -contact  socket.  For  curves  of  average 

plate  characteristics  for  triode  unit,  refer  to  type  6AW8A.  Type  8KA8  is 
identical  with  type  6KA8  except  for  heater  ratings. 


6KA8  8KA8 

Heater  Voltage  (ae/dc)  . 6.3  8.4 

Heater  Current  . 0.6  0.45 

Heater  Warm-up  Time  (Average)  . . .  11  11 

Heater-Cathode  Voltage : 

Peak  value  . ±200  max  ±200  max 

Average  value  .  100  max  100  max 

Direct  Interelectrode  Capacitances : 

Triode  Unit : 

Grid  to  Plate  . 2.2 

Grid  to  Cathode,  Heater,  and  Internal  Shield  .  2.8 

Plate  to  Cathode,  Heater,  and  Internal  Shield  . 2.2 

Pentode  Unit : 

Grid-No. 1  to  Plate  .  0.1  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No. 3, 

and  Internal  Shield  . 9.5 

Grid  No.l  to  Grid  No.3  .  0.5 

Grid  No.3  to  Plate  . 2.2 

Grid  No.3  to  All  Other  Electrodes,  Heater,  and  Internal  Shield  7 

Class. A  Amplifier 

MAXIMUM  RATINGS  {Design-Maximum  Values)  Triode  Unit 

Plate  Voltage  .  300 

Grid  Voltage : 

Positive-bias  value  .  0 

Negative-bias  value  .  . — 50 

Plate  Dissipation  . 1.1 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 

pF 

pF 

pF 

pF 

pF 


volts 

volts 

volts 

watts 
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CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No. 3  Supply  Voltage  . . 

Grid-No. 2  Supply  Voltage  . 

Grid-No.  1  Supply  Voltage  . . 

Cathode-Bias  Resistor  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance,  Grid  No.l  to  Plate  . 

Transeonduetance,  Grid  No.3  to  Plate  .  . . 

Plate  Current  . . 

Grid-No.2  Current  . 

Grid-No.  1  Supply  Voltage  (Approx.): 

X^or  plate  current  of  10  juA  . 

For  plate  current  of  20  /iA  . . 

Grid  No.3  Supply  Voltage  (Approx.)  for  plate  current 

of  20  fiA  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance: 

For  fixed -bias  operation  . 

For  cathode-bias  operation  . 


Triode  Unit  Pentode  Unit 


200 

150 

volts 

0 

volts 

_ 

100 

volts 

—2 

0 

volts 

70 

180 

ohms 

17500 

100000 

ohms 

4000 

4400 

jumbos 

.  — 

600 

//.mhos 

4 

4 

mA 

2.8 

mA 

— 5 

volts 

— 4 

volts 

— 

— 7  •"  . 

Triode  Unit 

volts 

0.25 

megohm 

1 

megohm 

Gated  AGC  Amplifier  and  Noise  Inverter 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Grid-No.3  (Control-Grid)  Voltage : 

Positive-bias  value  . 

Negative-bias  value  . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage: 

Positive-bias  value  . 

Negative-bias  value  . 

Plate  Dissipation  . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.3-Circuit  Resistance  . . 

Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


Pentode  Unit 


300 

volts 

600 

volts 

0 

volts 

—100 

volts 

300 

volts 

See  curve  page  96 

0 

volts 

— 50 

volts 

2 

watts 

1,1 

watts 

See  curve  page  96 

0.68 

megohm 

0.5 

megohm 

1 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cyele  (10  microseconds). 


6K06  BEAM  POWER  TUBE 

Duodecar  type  used  as  horizontal-deflection  amplifier 
in  television  receivers.  Outlines  section,  16C;  requires 
duodecar  12-contact  socket.  Heater:  volts  (ac/dc),  6.3; 
amperes,  2.85;  maximum  heater-cathode  volts,  ±200 
peak,  100  average. 
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Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Positive  DC  Grid-No.  3  Voltage  . 

Grid-No.2  Voltage  . 

Peak  Negative-Pulse  Grid-No.  1  Voltage  . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . 

Plate  Dissipation*  . . . . . 

990 

7000 

70 

200 

—250 

1400 

400 

33 

volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

Grid-No.2  input  .  . 

5 

watts 

Bulb  Temperature  (At  hottest  point)  . 

225 

°C 

Class  Ai  Amplifier 

CHARACTERISTICS 

Triodef 

Pentode 

Connection 

Connection 

Plate  Voltage  . 

150 

60 

150 

volts 

Grid  No. 3  (Suppressor  Grid)  . 

Connected 

to  cathode 

at  socket 

Grid-No.2  (Screen-Grid)  Voltage  . 

150 

110 

no 

volts 

Grid-No. 1  (Control-Grid)  Voltage  . 

—22.5 

0 

—22.5 

volts 

Amplification  Factor  . 

4 

— 

— 

Plate  Resistance  (Approx.)  . 

— — 

— 

6000 

ohms 

Transconductance  . 

— 

— 

14000 

jumhos 

Plate  Current  . 

— 

750*  * 

120 

mA 

Grid-No.2  Current  . 

— 

42*  » 

1.8 

mA 

Grid-No. 1  Voltage  (Approx.)  for  plate  current 

of  1.0  fiA  .  . . 

— 

— 

—40 

volts 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . 

2.2 

megohms 

■  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 
#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 
fGrid-No.2  connected  to  plate  at  socket. 

»■  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


9AE 


MEDIUM-MU  TRIODE—  6KD8 

SHARP-CUTOFF  PENTODE  5KD8 

Miniature  type  used  as  combined  vhf  oscillator  and 
mixer  tube  in  television  receivers.  Outlines  section, 
6B;  requires  miniature  9-contact  socket.  Type  5KD8  is 
identical  with  type  6KD8  except  for  heater  ratings. 


Heater  Voltage  (ac/dc) 

Heater  Current  . 

PI  eater  Warm-up  Time  . 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


5KD8  6KD8 
5.6  6.3  volts 

0.45  0.4  ampere 

11  —  seconds 

±200  max  ±200  max  volts 

100  max  100  max  volts 


Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid-No.2  Voltage  . . . 

Grid-No,  1  Voltage  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . 

Plate  Current  . 


Triode  Unit  Pentode  Unit 


330 

330 

volts 

— 

330 

See  curve  page  96 

volts 

0 

0 

volts 

2.5 

3 

watts 

— 

0.55 

See  curve  page  96 

watt 

125 

125 

volts 

— 

110 

volts 

—1 

40 

—1 

volt 

— 

0.2 

megohm 

7500 

5000 

/imhos 

13.5 

9.5 

mA 
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Grid-No.2  Current  .  —  3.5  mA 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  — 9  —8  volts 

20  fiA  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  .  0.5  megohm 

For  cathode-bias  operation  . . - .  1  megohm 


6KE8  MEDIUM-MU  TRIODE— 

4KE8,  5KE8  SHARP-CUTOFF  PEMTODE 

Miniature  type  with  frame-grid  pentode  unit  used  as 
combined  oscillator-mixer  tube  in  television  receivers 
using  an  intermediate  frequency  in  the  order  of  40 
MHz.  Outlines  section,  6B;  requires  miniature  9-con¬ 
tact  socket.  Types  4KE8  and  5KE8  are  identical  with 
type  6KE8  except  for  heater  ratings. 


4KES  5KE8 


Heater  Voltage  (ac/dc)  .  4.5  5.6 

Heater  Current  . 6.6  0.45 

Heater  Warm-up  Time  (Average)  . .  11  11 

Heater-Cathode  Voltage: 

Peak  value  . ±200  max  ±200  max 

Average  value  . 100  100  max 

Direct  Interelectrode  Capacitances  :f 
Triode  Unit: 


Grid  to  Cathode,  Heater,  Pentode  Cathode,  Pentode  Grid  No.3, 

and  Internal  Shield  . . . . . 

Plate  to  Cathode,  Heater,  Pentode  Cathode,  Pentode  Grid  No.3, 

and  Internal  Shield  . 

Pentode  Unit : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . 

Heater  to  Triode  Cathode  and  Pentode  Cathode  . 


6KE8 

6.3 

volts 

0.4 

ampere 

seconds 

±200  max 

volts 

100  max 

volts 

1.3 

pF 

2.4 

pF 

2 

pF 

0.015  max 

pF 

5 

pF 

3.4 

PF 

5.5* 

pF 

f  With  external  shield  connected  to  cathode  of  unit  under  test,  except  as  noted. 
■  With  external  shield  connected  to  ground. 


Class  A,  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . • . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Cathode  Current  . 

Plate  Dissipation  . . . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  140  volts  . 

For  grid-No.2  voltages  between  140  and  280  volts 


Triode  Unit  Pentode  Unit 

280  280 

—  280 

—  See  curve  page  96 
0  0 

20  20 

2  2 


0.5 

See  curve  page  96 


volts 

volts 

volts 

mA 

watts 

watt 


Technical  Data 


CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . 

Grid-No.  1  Supply  Voltage  . 

Cathode-Bias  Resistor  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  .  .  . 

Transconductance  . 

Plate  Current  . 

Grid-No.2  Current  . 

Grid-No.  1  Voltage  (Approx.)  : 

For  plate  current  of  100  fi A 
For  plate  current  of  50  }iA  . 
MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  .  ,  . 
For  cathode-bias  operation 


335 


125 

125 

volts 

— 

125 

volts 

0 

0 

volts 

68 

33 

ohms 

40 

— . 

5000 

125000 

ohms 

8000 

12000 

jwmhos 

13 

10 

mA 

— 

2.8 

mA 

5 

’ _ 

volts 

— 

— 3 

volts 

0.5 

0.25 

megohm 

1 

0.5 

megohm 

Refer  to  chart  at  end  of  section. 


6KL8 


BEAM  POWER  TUBE  6KM6 

Novar  type  used  as  horizontal-deflection  amplifier  in 
color  and  black-and-white  television  receivers.  Outlines 
section,  18 A;  requires  novar  9-contact  socket. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  .  . 


6.3  volts 

1.6  amperes 

±200  max  volts 

100  max  volts 


1.2 

22 

0 


pF 

pF 

pF 


Ciass  A,  Amplifier 


Triode 


CHARACTERISTICS 

Plate  Voltage  . 

Connection 

140 

Pentode  Connection 
—  60  140 

volts 

Peak  Positive-Pulse  Plate  Voltage** 

— 

6500 

— 

— 

volts 

Grid-No.3  (Suppressed-Grid)  Voltage  . 

0 

30 

30 

30 

volts 

Grid-No.2  (Screen-Grid)  Voltage  .  .  . 

140 

140 

140 

140 

volts 

Grid-No.l  (Control-Grid)  Voltage  .... 

—24.5 

— 

0 

—24.5 

volts 

Amplification  Factorf  . 

Plate  Resistance  (Approx.)  . 

4 

_ 

6000 

ohms 

Transconductance  . 

— 

— . 

— 

9500 

/nrnhos 

Plate  Current  . 

— 

— 

5  6  Off 

80 

mA 

Grid-No.2  Current  . 

— 

— 

31ft 

2.4 

mA 

Grid-No.l  Voltage  for  plate  current 
of  1  mA  . 

— 

—110 

— 

—42 

volts 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 

MAXIMUM  RATINGS  (Design-Maximum  Values) 


DC  Plate  Supply  Voltage  . 770  volts 

Peak  Positive-Pulse  Plate  Voltage#  .  6500  volts 

Peak  Negative-Pulse  Plate  Voltage  . .  — 1500  volts 

DC  Grid-No. 3  Voltage-  .  75  volts 

DC  Grid-No.2  Voltage  .  220  volts 

Peak  Negative-Pulse  Grid-No.l  Voltage .  - — 330  volts 

Peak  Cathode  Current  .  950  mA 

Average  Cathode  Current  .  275  mA 

Grid-No.2  Input  . 3.5  watts 

Plate  Dissipation- -  20  watts 

Bulb  Temperature  (At  hottest  point)  .  240  °C 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 

For  grid -resistor-bias  operation  . 0.47  megohm 

For  plate-pulsed  operation  . 10  megohms 


PLATE  (lb)  MILLIAMPERES 
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#  Pulse  duration  must  not  exceed  15 %  of  a  horizontal  scanning  cycle  (10  microseconds), 
t  With  grid  No.3  and  grid  No. 2  connected,  respectively,  to  cathode  and  plate  at  socket, 
ff  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

■  In  this  service,  a  positive  value  may  be  applied  to  grid  No.3  to  minimize  “snivets”  inter¬ 
ference  ;  a  typical  value  for  this  voltage  is  30  volts. 

A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


700 r 

TYPE  6KM6 

1  ^ 

SRID-No.  3 
VOLTS  = 
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30 
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PLATE  VOLTS 


DIODE— 

THREE-PLATE  TETRODE 

Miniature  type  used  in  frequency-divider  and  complex- 
wave  generator  circuits  of  electronic  musical  instru¬ 
ments.  In  such  circuits  the  tetrode  unit  can  provide 
three  independent  output-signal  voltages;  the  diode 
unit  can  be  used  as  a  key  in  a  vibrato  circuit.  Outlines 


section,  6E;  requires  miniature  9-contact  socket.  9QG 

Heater  Voltage  (ac/dc)  . 6.3  volts 

Heater  Current  . 0.3  ampere 

Heater-Cathode  Voltage: 

Peak  value  . ±200  max  volts 

Average  value  . . 100  max  volts 

Direct  Interelectrode  Capacitances : 

Tetrode  Unit:  „ 

Grid  No.l  to  Plate  No.lA  .  0.02  max  pF 

Grid  No.l  to  Plate  No.  IB  . 0.02  max  pF 

Grid  No.l  to  Plate  No.2  . 0.06  max  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield  .  5.5  pF 

Plate  No.lA  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield  1.2  pF 

Plate  No.lB  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield  1.3  pF 

Plate  No.2  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield  1.8  pF 

Tetrode  Grid  No.l  to  Diode  Plate  .  0.024  max  pF 

Tetrode  Plate  No.lA  to  Diode  Plate  . . . .  ...  0.18  pF 

Tetrode  Plate  No.lB  to  Diode  Plate  .  0.024  pF 

Tetrode  Plate  No.2  to  Diode  Plate  . 0.013  pF 


Tetrode  Unit  as  Class  A*  Amplifier 

Plates  No.  1A,  IB,  and  2  connected  together 


p1BtR  P2TR 


CHARACTERISTICS 

Plate  Voltage  .  . 

Grid-No.2  Voltage  . . 

Grid-No.  1  Supply  Voltage  . 

Grid-No.  1  Resistor  (Bypassed)  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . 

Grid-No.2  Current  . . .  • 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  20  p A 
Triode  Connection — Plates  No.lA,  IB,  and  2  c 

Plate  Voltage  . 

Grid-No.  1  Supply  Voltage  . 

Grid-No.  1  Resistor  (Bypassed)  . 


100 

volts 

100 

volts 

0 

volts 

2.2 

megohms 

30000 

ohms 

3400 

pm  hos 

4.2 

mA 

1.7 

mA 

— 4 

grid  No.2 

volts 

100 

volts 

0 

volts 

2.2 

megohms  \ 

Technical  Data 


337 


Transconductance  . . .  4500 

Amplification  Factor  . . .  45 

Plate  Current  . . . . . \ .  5,5 


Separate-plate  operation;  plates  not  under  test  grounded 


Plate 

Plate  Voltage  .  .  . 

Grid-No.  2  Voltage  .  . 

Grid-No.  1  Supply  Voltage  ,  .  . 
Grid-No.  1  Resistor  (Bypassed) 

Transconductance  . 

Plate  Resistance  (Approx.)  .  . 

Plate  Current  . 

Grid-No. 2  Current  . 


1A 

IB 

2 

100 

100 

100 

100 

100 

100 

0 

0 

0 

2.2 

2.2 

2.2 

2000 

2000 

1800 

0.1 

0.1 

0.12 

2.3 

2.3 

2.1 

3.8 

3.8 

3.3 

/tmhos 

mA 


volts 

volts 

volts 

megohms 

/Amhos 

megohm 

mA 

mA 


Tetrode  Unit  as  Frequency  Divider  and  Complex-Wave  Generator 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  (Each  plate)  . 330  volts 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  .  330  volts 

Grid-No. 2  Voltage  .  See  curve  page  96 

Grid-No.  1  ( Control-Grid (  Voltage; 

Positive-bias  value  . 0  volts 

Negative-bias  value  .  — 50  volts 

Plate  Dissipation  (Each  plate)  . .  .  1  watt 

Grid-No. 2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . 0.65  watt 

For  grid-No.2  voltages  between  165  and  330  volts  .  See  curve  page  96 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance,  for  grid-No.l-resistor-bias  operation  2.2  megohms 

Diode  Unit 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  . . 1  mA 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  2  mA  .  10  volts 


£ i 


*3 

SS  51 


2.5 


TYPE6KM8  1 1 H 

GRID— No.2  V0LTS=!00 

PLATES  iA.IB.AND  2  CONNECTED 

”  TOG 

ETHEF 

AT  SC 

CKET. 

lb 

-jst 

1  M  i 

7^ 

^ _ 

_-o,. 

r 

GBit 

1/OLTS 1 

J 

--I.5 " 

'v  'v 

2 

' - -£ 

r0.5>““ 

-ECPO 

100  200  300  400  500  600 

PLATE  VOLTS  92CS-II713TI 


9DX 


MEDIUM-MU  TRI0DE—  6KR8 

SHARP-CUTOFF  PENTODE  10KE8 

Miniature  type  used  in  television  receiver  applications. 
The  triode  unit  is  used  as  a  general-purpose  amplifier; 
the  pentode  unit  is  used  as  a  video  amplifier.  Outlines 
section,  6E;  requires  miniature  9-contact  socket.  Type 
10KR8  is  identical  with  type  6KR8  except  for  heater 
ratings. 


6KR8 

10KR8 

Heater  Voltage  (ac/dc)  . 

.  6.3 

10.5 

volts 

Heater  Current  . 

.  0.75 

0.45 

ampere 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

11 

seconds 

Peak  value  . . 

. .  d=200  max 

rt200  max 

volts 

Average  value  . . 

100  max 

volts 
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Class  A,  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . . 

Grid-No.2  Input: 

For  voltages  up  to  165  volts  . . 

For  voltages  between  165  and  330  volts  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid-No.2  Supply  Voltage  . . 

Grid-No.l  Voltage  . . 

Cathode-Bias  Resistor  . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . 

Grid-No.2  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  10  ft  A  .  .  .  : . 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  100  fiA  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . 


Triode  Unit  Pentode  Unit 


— 

330 

volts 

330 

330 

volts 

— 

See  curve  page  96 

0 

0 

volts 

2 

5 

watts 

_ 

1.1 

watts 

— 

See  curve  page  96 

Triode  Unit 

Pentode  Unit 

125 

35 

200 

volts 

— 

100 

100 

volts 

— 

0 

— 

volts 

68 

— : 

82 

ohms 

46 

— 

- — . 

4400 

—  ■ 

60000 

ohms 

10400 

— 

20000 

jumhos 

15 

54 

19.5 

mA 

— 

13.5 

3 

mA 

— 8 

— 

— 

volts 

— 

— 

—6.3 

volts 

Triode  Unit 

Pentode  Unit 

0.5 

0.5 

megohm 

1.0 

1.0 

megohm 

M€Tk  SEMIREMOTE-CUTOFF 

®  PENTODE 

3KT6,  4KT6 

Miniature  type  used  as  if-amplifier  tube  in  television 
receivers  utilizing  an  intermediate  frequency  in  the 
order  of  40  MHZ.  Outlines  section,  6B;  requires  minia¬ 
ture  7-contact  socket.  Types  3KT6  and  4KT6  are 
identical  with  type  6KT6  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 


3KT6  4KT6 

3.5  4.5 

0.6  0.45 

11  11 


6KT6 

6.3  volts 

0.3  ampere 

—  seconds 


Heater-Cathode  Voltage: 

Peak  value  .  ±200  max 

Average  value  . .' .  100  max 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 
Internal  Shield  . 


±200  max  ±200  max 
100  max  100  max 

_  0.019  max 


3 


volts 

volts 

PF 

PF 

pF 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . ..V . . . 

Grid-No.3  (Suppressor-Grid)  Voltage  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage  . 

Plate  Dissipation  . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts  .  . 


330  volts 

0  volts 

330  volts 

See  curve  page  96 
0  volts 

3.1  watts 

0.6  watt 

See  curve  page  96 


CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid-No.3  Voltage  . . 

Grid-No.2  Supply  Voltage  . 

Cathode-Bias  Resistor  . 

Plate  Resistor  . . . . . 

Transconductance  . . . . 

Plate  Current  . 

Grid-No.2  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  transconductance 
of  10  /umhos  . 


125 

170 

volts 

0 

0 

volts 

125 

170 

volts 

56 

56 

ohms 

160000 

— 

ohms 

18000 

— 

jumhos 

17 

— 

mA 

4.2 

— 

mA 

— 

—22 

volts 

Technical  Data 


339 


MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 
For  fixed-bias  operation  . 
For  cathode-bias  operation 


0.25  megohm 

X  megohm 


?  50 
-  <n  1 

.  OJ 

:  Sj40| 

3  0.  1 

^30! 


TYPE  6KT6 

DC  GRID-No.3  VOLTS  (EC-*)=0 

DCG 

Rio-r 

io,  2  V 

OLTS 

Kc2 

1-125 

- - 

_ o 

- 

5§ 

m 

5 

T~ 

ll 

\ 

V 

•1.5 

•Cj  *  O' 

EE 

— 

“2“ 

-4 

-5 

05 

S . 

0  1C 

X)  1! 

50  2C 

X)  2! 

50  3( 

50 

DC  PLATE  VOLTS  92CSH4009T 


esp 


9QP 


HIGH-MU  TRIODE — 

SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  pentode  unit  is  used 
as  an  if -amplifier  tube,  and  the  triode  unit  as  a  sync- 
separator  or  voltage-amplifier  tube.  Outlines  section, 
6B;  requires  miniature  9-contact  socket. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  .  . . . . . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . 

Direct  Interelectrode  Capacitances: 

Triode  Unit: 

Grid  to  Plate  .  . . 

Grid  to  Cathode,  Heater,  Grid  No. 3  of 

Pentode  Unit,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.3  of 

Pentode  Unit,  and  Internal  Shield  . 

Pentode  Unit: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2, 

Grid  No. 3,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No. 2, 

Grid  No. 3,  and  Internal  Shield  . 

Grid  of  Triode  Unit  to  Plate  of  Pentode  Unit  .... 
Grid  No.l  of  Pentode  Unit  to  Plate  of  Triode  Unit 


. .  6.3 

.  0.6 

.  ±200  max 

.  100  max 

Unshielded  Shielded 


0.046  max 
7.5 
2.2 

0.0 i  8  max 
0.006  max 


0.030  max 
7.5 
2  8 

0.003  max 
0.002  max 


Glass  Ax  Amplifier 


MAXIMUM  RATINGS  {Design-Maximum  Values) 

Plate  Voltage  . . . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No. 2  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . 

Grid-No. 2  Input : 

For  grid-No. 2  voltages  up  to  165  volts  .  .  . . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Voltage  . „ . 

Grid-No.2  Voltage  . 

Grid-No. 1  Voltage  .  .  . . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . 


Triode  Unit  Pentode  Unit 

330  330 

—  330 

—  See  curve  page  96 
0  0 
1  2.5 

—  0.55 

—  See  curve  page  96 


250  125 

—  125 

.  —2  —l 

,  100  — 

31500  150000 

3200  10000 


volts 

ampere 

volts 

volts 


pF 

pF 

pF 

pF 


pF 

pF 

pF 

PF 


volts 

volts 

volts 

watts 

watt 


volts 

volts 

volts 

ohms 

/tmhos 
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Plate  Current  . 

1.8 

12 

mA 

Grid-No.2  Current  . 

_ . 

4.5 

mA 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

20  fiA  . . . 

> — 3.5 

■ — 7 

volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . 

0.5 

0.5 

megohm 

For  cathode-bias  operation  . . . 

1 

1 

megohm. 

6KU8  TWIN  DIODE— 

10KU8  SHARP-CUTOFF  PENTODE 

Neonoval  type  with  frame-grid  pentode  used  in  tele¬ 
vision  receiver  applications.  Diode  units  are  used  as 
horizontal  phase  detectors  and  the  pentode  unit  is 
used  as  a  video  amplifier.  Outlines  section,  10 A;  re¬ 
quires  neonoval  9-contact  socket.  Type  10KU8  is  iden¬ 
tical  with  type  6KU8  except  for  heater  ratings. 


GKU8 

Heater  Voltage  (ac/dc)  . 6.3 

Heater  Current  .  0.725 

Heater  Warm-up  Time  (Average)  . — • 

Heater-Cathode  Voltage : 

Peak  value  .  ±200  max 

Average  value  . 100  max 


Direct  Inter  electrode  Capacitances : 

Diode  Units : 

Plate  of  Diode  Unit  No.l  to  All  Other  Electrodes  . . 

Plate  of  Diode  Unit  No.2  to  All  Other  Electrodes  . 

Diode  Cathode  to  Plate  of  Diode  Unit  No.^  .  .  .  . . 

Diode  Cathode  to  Plate  of  Diode  Unit  No.2  . 

Pentode  Unit : 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Pentode  Cathode,  Diode  Cathode,  Heater,  Grid 

No.  2,  Grid  No.3,  and  Internal  Shields  . 

Plate  to  Pentode  Cathode,  Diode  Cathode,  Heater,  Grid  No.2, 

Grid  No.3,  and  Internal  Shields  . 

Pentode  Grid  No.l  to  Plate  of  Diode  Unit  No.l  . 

Pentode  Grid  No.l  to  Plate  of  Diode  Unit  No.2  . 

Pentode  Plate  to  Plate  of  Diode  Unit  No.l  . 

Pentode  Plate  to  Plate  of  Diode  Unit  No.2  . . . 


Kq|  a  Dz 

ISDI  a  Dz 

9LT 

PP 

10KU8 

10.2 

volts 

0.45 

ampere 

11 

seconds 

±200  max 

volts 

100  max 

volts 

1.1 

pF 

1.1 

pF 

5.5 

pF 

5.5 

pF 

0.1  max 

pF 

12 

PF 

3 

pF 

0.003  max 

pF 

0.003  max 

pF 

0.008  max 

pF 

0.008  max 

pF 

Pentode  Unit  as  Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.  2  Voltage  . . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . . . . 

Grid-No.2  Input : 

For  voltages  up  to  165  volts  . 

For  voltages  between  165  and  330  volts  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . .  50 

Grid-No.2  Supply  Voltage  .  100 

Grid-No.l  Voltage  . .  0 

Cathode-Bias  Resistor  . . .  — 

Transconductance  .  — 

Plate  Resistance  (Approx.)  .  — 

Plate  Current  .  55* 

Grid-No.2  Current  .  18* 

Grid-No.l  Voltage  for  plate  current  of  100  jttA  ....  — ■ 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


330 

volts 

330 

volts 

See  curve  page  96 

0 

volts 

4 

watts 

1.1 

watts 

See  curve  page  96 

200 

volts 

100 

volts 

0 

volts 

82 

ohms 

20000 

/imhos 

50000 

ohms 

17 

mA 

3.5 

mA 

—5 

volts 

0.25 

megohm 

1 

megohm 

*  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Diode  Units  (Each  Unit) 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  2  mA  . 


10 


volts 
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9DX 


HIGH-MU  TRIODE  6KV8 

SHARP-CUTOFF  PENTODE  1.1KV8 

Miniature  type  with  frame-grid  pentode  unit  used  in 
black-and-white  television  receivers.  The  triode  unit  is 
used  in  general-purpose  voltage-amplifier,  sync-sepa¬ 
rator,  and  sound-if-amplifier  applications.  The  pentode 
unit  is  used  as  a  video-output  tube.  Outlines  section, 
6E;  requires  miniature  9-contact  socket.  For  curves  of 
average  plate  characteristics  for  triode  unit,  refer  to 
type  6AW8A.  Type  11KV8  is  identical  with  type  6KV8 
except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater -Cathode  Voltage : 

Peak  value  . . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Triode  Unit : 

Grid  to  Plate  . 

Grid  to  Cathode,  Heater,  Pentode  Cathode,  Pentode  Grid  No.3, 

and  Internal  Shield  . . . . 

Plate  to  Cathode,  Heater,  Pentode  Cathode,  Pentode  Grid  No, 3, 

and  Internal  Shield  . . . . . 

Triode  Grid  to  Pentode  Plate  . . 

Pentode  Unit  : 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . . 

Pentode  Plate  to  Triode  Plate  . . . 


6KV8 

11KV8 

6.3 

10.9 

volts 

0.775 

0.45 

ampere 

•  '  *  — 

11 

seconds 

.  ±200  max 

±200  max 

volts 

.  100  max 

100  max 

volts 

3.7 

pF 

2.5 


2.4 

0.015  max 


0.12  max 


13 


4.8 

0.17  max 


pF 

pF 


pF 

pF 

pF 

pF 


Class  A,  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No. 2  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts 


Triode  Unit  Pentode  Unit 
300  300 

300 

—  See  curve  page  96 
0  0 
1  5 

—  1 
—  See  curve  page  96 


volts 

volts 

volts 

watts 


watt 


CHARACTERISTICS  Triode  Unit  Pentode  Unit 


Plate  Supply  Voltage  . 

.  200 

125 

200 

volts 

Grid-No.2  Supply  Voltage  . 

— 

125 

125 

volts 

Grid-No.l  Supply  Voltage  . 

.  — 2 

0 

0 

volts 

Cathode-Bias  Resistor  . 

— 

82 

68 

ohms 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

.  70 

.  17500 

55000 

75000 

ohms 

Transconductance  . 

.  4000 

21000 

23000 

jttmhos 

01  CL  „ 

o  s  e 

or  < 


=  40 


20 


TYPE  6KV8  PENTODE  UNIT 

GRID -No.  2  VOLTS  H25 

1 

1 

T  r 

ain-No.  1  VOLTS  E( 

1*° 

■ 

■ 

■ 

m 

9 

K 

5 

m 

Eg 

M 

m 

SB 

■ 

mm 

15 US 

55 

S 

SR 

9  JpBK' 

. . 

•w  — 

— 

t — 

-2.5 

PLATE  VOLTS  92CS-II946T2 
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Plate  Current  . 

Grid-No.2  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

100  fiA  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . 


4 

16.5 

20 

raA 

— 

3.1 

3.5 

mA 

4.5 

—4.2 

—4.2 

V0lt3 

Triode  Unit 

Pentode  Unit 

0.5 

0.1 

megohm 

1 

0.25 

megohm 

6KY8A 


HIGH-MU  TRIODE 
BEAM  POWER  TUBE 


15SCY8,  15&Y8A 

Novar  types  used  in  combined  vertical-deflection-os- 
cillator  and  vertical-deflection-amplifier  applications  in 
black-and-white  television  receivers  having  low-voltage 
“B”  supplies.  Outlines  section,  11C  and  BOA,  respec-  9QT 

tively;  require  novar  9-contact  socket.  Types  15KY8  and  15KY8A  are  iden¬ 
tical  with  types  6KY8  and  6KY8A,  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . , 

Heater  Current  ...... . 

Heater  Warm-up  Time  (Average)  . 

Heater  Cathode  Voltage : 

Peak  value  . 

Average  value  . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Triode  Unit: 

Grid  to  Plate  . . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . . . 

Pentode  Unit: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 


6KY8 

15KY8 

6KY8A 

15KY8A 

6.3 

15 

volts 

1.1 

0.45 

amperes 

— 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

0.44 

pF 

15 

pF 

7 

pF 

0.048 

pF 

3  . 

2.6 

pF 

0.28 

pF 

Class  At  Amplifier 


CHARACTERISTICS 

Triode  Unit 

Beam  Power  Unit 

Plate  Voltage  .  . . 

250 

50 

135 

120 

volts 

Grid-No.2  (Screen-Grid)  Voltage  .... 

— . 

120 

120 

* 

volts 

Grid-No.  1  (Control-Grid)  Voltage  - 

—3 

0 

—  10 

—10 

volts 

Amplification  Factor  . 

64 

— 

— 

7 

ohms 

Plate  Resistance  (Approx.)  . 

40000 

— 

18000 

— 

Transconductance  . 

1600 

— 

8400 

— 

/imhos 

Plate  Current  . 

1.4 

170® 

39 

— 

mA 

Grid-No.2  Current  . 

— 

20* 

3 

— 

mA 

Grid-No.l  Voltage  (Approx.)  for  plate 
current  of  1  mA  . 

_ 

— 

—24 

— , 

volts 
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*  Triode  connection,  grid  No.  2  connected  to  plate  at  socket. 

•  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Vertical-Deflection  Oscillator  and  Amplifier 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage# 

(Absolute  Maximum)  . . . 

DC  Grid-No. 2  Voltage  . . . 

Peak  Negative-Pulse  Grid-No.  1  Voltage  . 

Peak  Cathode  Current  . 

Average  Cathode  Current  . 

Plate  Dissipation  . 

Grid-No.2  Input  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No. 1-Circuit  Resistance : 

For  grid-resistor-bias  operation  . 


Triode 

Beam  Power 

Unit 

Unit 

Oscillator 

Amplifier 

330 

300 

volts 

_ _ 

2200f 

volts 

— 

150 

volts 

— 400 

—250 

volts 

77 

200 

mA 

22 

60 

mA 

1.5 

12 

watts 

— 

1.9 

watts 

2.2 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds), 
-f  Under  no  conditions  should  this  maximum  value  be  exceeded. 


9FZ 


MEDIUM-MU  TRIODE  6KZ8 

SHARP-CUTOFF  PENTODE  9&Z8 

Miniature  type  used  as  combined  oscillator  and  mixer 
in  vhf  color  and  black-and-white  television  receivers. 
Outlines  section,  6B;  requires  miniature  9-contact 
socket.  Type  9KZ8  is  identical  with  type  6KZ8  except 
for  heater  ratings. 


6KZ8 

Heater  Voltage  (ac/dc)  .  6.3 

Heater  Current  .  0.45 

Heater  Warm-up  Time  (Average)  .  11 

Heater-Cathode  Voltage : 

Peak  value  .  .  . . ±;200  max 

Average  value  . .  100  max 


Direct  Interelectrode  Capacitances  :* 

Triode  Unit: 

Grid  to  Plate  . 

Grid  to  Triode  Cathode,  Pentode  Cathode,  Heater,  Pentode  Grid 

No. 3,  and  Heater  . 

Plate  to  Triode  Cathode,  Pentode  Cathode,  Heater,  Pentode  Grid 

No.  3,  and  Heater  . 

Pentode  Unit: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . .  .  . . . . . 

Heater  to  Cathode  (Each  Unit)  . . . . 


9KZ8 

9.45 

0.3 

11 

±:20Q  max 
100  max 


1.6 


3.2 


1.8 


0.01  max 
5.5 


3.4 

3.2# 


*  With  external  shield  connected  to  cathode. 

#  With  external  shield  connected  to  ground. 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

PF 

pF 

pF 

pF 

pF 


Class  Ax  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Triode  Unit  Pentode  Unit 

Plate  Voltage  . 

330 

330 

volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

— 

330 

volts 

Grid-No.2  Voltage  .  . . 

— 

See  curve  page  96 

Grid  No.l  (Control-Grid)  Voltage,  Positive-bias  value 

0 

0 

volts 

Plate  Dissipation  . . 

2.5 

2.5 

watts 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

— 

0.55 

watt 

For  grid-No.2  voltages  between  165  and  330  volts 

— 

See  curve  page  96 

CHARACTERISTICS 

Plate  Voltage  . . . 

126 

125 

volts 

Grid-No.2  Voltage  .  . . . . . . . . 

— 

125 

volts 

Grid-No.l  Voltage  . . . . . . . . 

— 1 

— i 

volt 

Amplification  Factor  . . . . . 

46 

•— 
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Plate  Resistance  (Approx.)  . . 

Transconductance  . . . . . . 

Plate  Current  . . . , . 

Grid-No.2  Current  .. . . , .  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

10  fi  A  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . . . . . . . 

For  cathode-bias  operation  . 


5400 

200000 

ohms 

8500 

7500 

/imhos 

13.5 

12 

mA 

— - 

4 

mA 

—8 

—8 

volts 

0.25 

0.25 

megohm 

0.5 

0.5 

megohm 

6L5G 


Refer  to  chart  at  end  of  section. 


6L6 


BEAM  POWER  TUBE 


Metal  type  6L6  and  glass  octal  type  6L6GC  are  used 
in  the  output  stage  of  audio  amplifying  equipment, 
especially  units  designed  to  have  ample  reserve  of 
power-delivering  ability.  Outlines  section,  4  and  19D, 
respectively;  require  octal  socket.  These  tubes,  like 
other  power-handling  tubes,  should  be  adequately  ven¬ 
tilated.  Type  6L6GC  can  be  used  in  place  of  type  6L6 
and  may  be  supplied  with  pin  1  omitted. 

Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater-Cathode  Voltage ; 

Peak  value  . 

Average  value  . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and 

Grid  No.3  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  and 
Grid  No.3  . . . . 

*  With  pin  1  connected  to  pin  8. 


7AC 


6L6 

±180  max 

6.3 

0.9 

6L6GC 
±200  max 
100  max 

volts 

ampere 

volts 

volts 

0.4* 

0.6 

pF 

10* 

10 

pF 

12* 

6.5 

pF 

6L6 

6L6GC 

Class  Ax  Amplifier 

Design-Center  Design  Maximum 


MAXIMUM  RATINGS 

Plate  Voltage  . 

Grid-No. 2  (Screen-Grid)  Voltage  .  . 

Plate  Dissipation  . 

Grid-No.  2  Input  . 

TYPICAL  OPERATION 

Plate  Voltage  . 

Grid-No. 2  Voltage  . . 

Grid-No.l  (Control-Grid)  Voltage  .  . 

Peak  AF  Grid-No.l  Voltage  . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . 

Load  Resistance  . 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output 


winding  of  the  output  transformer,  this  maximum  rating  is  500  volts. 

Class  Ax  Amplifier  (Triode  Connection^ 

6L6 

Design- 

MAXIMUM  RATINGS  Center  Values 

Plate  Voltage  . . .  275 

Plate  Dissipation  (Total)  . .  19 


Values 

Values 

360 

500 

volts 

270 

45 0A 

volts 

19 

30 

watts 

2.5 

5 

watts 

250 

300 

350 

volts 

250 

200 

250 

volts 

—14 

—12.5 

— 18 

volts 

14 

12.5 

18 

volts 

72 

48 

54 

mA 

79 

55 

66 

mA 

5 

2.5 

2.5 

mA 

7.3 

4.7 

7 

mA 

22500 

35000 

33000 

ohms 

6000 

5300 

5200 

jumhos 

2500 

4500 

4200 

ohms 

10 

11 

15 

per  cent 

6.6 

6.5 

10.8 

watts 

e  is  connected 

to  a  tap 

on  the  plate 

GL6GC 

Design- 

Maximum  Values 
450  volts 

30,  .watts 
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TYPICAL  OPERATION 

Plate  Voltage  . . . 

Grid-No.  1  Voltage  . 

Peak  AF  Grid-No,  1  Voltage 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current 
Plate  Resistance  (Approx.)  .  , .  . 

Amplification  Factor  . . . 

Transconductance  . . . . 

Load  Resistance  . 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output 

f  Grid  No.2  connected  to  plate. 


250 

volts 

—20 

volts 

20 

volts 

40 

raA 

44 

mA 

1700 

ohms 

8 

4700 

jitmhos 

5000 

ohms 

5 

per  cent 

1.4 

watts 

Push-Pull  Class  Aa  Amplifier 


MAXIMUM  RATINGS  (Same  as  for  Class  Ai  Amplifier) 
TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Voltage  .  . . 

250 

270 

volts 

Grid-No.2  Voltage  . 

250 

270 

volts 

Grid-No.  1  Voltage  . 

—16 

—17.5 

volts 

Peak  AF  Grid-No.  1-to-Grid-No.l  Voltage  . 

32 

35 

volts 

Zero-Signal  Plate  Current  . 

120 

134 

mA 

Maximum-Signal  Plate  Current  . 

140 

155 

mA 

Zero-Signal  Grid-No.2  Current  . . . . 

10 

11 

mA 

Maximum-Signal  Grid-No.2  Current  . 

16 

17 

mA 

Effective  Load  Resistance  (Plate-to-plate)  . 

5000 

5000 

ohms 

Total  Harmonic  Distortion  . 

2 

2 

per  cent 

Maximum-Signal  Power  Output  . 

14.5 

17.5 

watts 

TYPE 

GRID 

6L6G 
-No  1  \ 

C 

/OLTS- 

=0 

to 

iu 

o: 

cl 

- - — p 

5 

< 

s' 

350 

3E 

300 

y  200  - 

GRID-r 

4o,2  VC 

)LTS  Ec2a25 

0 

5 

_l 

- 

200 

CL 

100  - 

r~~~ 

ISO 

! 

1 100 

i 

L — — 

-EC2“, 

50 _ 

t 

0  100  200  300  400  500  600 

PLATE  VOLTS  92CS-1Q327T 


MAXIMUM  RATINGS  (Same  as  for  Class  Ai  Amplifier) 
TYPICAL  OPERATION  (Values  are  for  two  tubes) 


Plate  Voltage  . . . 

Grid-No. 2  Voltage  . 

Grid-No. 1  Voltage  . 

Peak  AF  Grid-No.  1-to-Grid-No.l  Voltage 

Zero-Signal  Plate  Current  . 

Maximum- Signal  Plate  Current  . . 

Zero-Signal  Grid-No. 2  Current  . 

Maximum-Signal  Grid-No.2  Current  . 

Effective  Load  Resistance  (Plate-to-plate) 

Total  Harmonic  Distortion  . ,  . .  . . 

Maximum-Signal  Power  Output  . 


6L6 

6L6GC 

360 

360 

450 

volts 

270 

270 

400 

volts 

—22.5 

—22.5 

— 37 

volts 

45 

45 

70 

volts 

88 

88 

116 

mA 

132 

140 

210 

mA 

5 

5 

5.6 

mA 

15 

11 

22 

mA 

6600 

3800 

5600 

ohms 

2 

2 

1.8 

per  cent 

26.5 

18 

65 

watts 

Push-Pull  Class  AB2  Amplifier 


MAXIMUM  RATINGS  (Same  as  for  Class  Ai  Amplifier) 
TYPICAL  OPERATION  (Values  are  for  two  tubes) 


Plate  Voltage  . . . . . 

Grid-No.2  Voltage  . . . . 

Grid-No.  1  Voltage  . . 

Peak  AF  Grid-No.l-to-Grid-No.l  Voltage 

Zero-Signal  Plate  Current  . . 

Maximum-Signal  Plate  Current 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  ... .. 


360 

360 

volts 

225 

270 

volts 

—18 

—22.5 

volts 

52 

72 

volts 

78 

88 

mA 

142 

205 

mA 

3.5 

5 

mA 

11 

16 

mA 
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Effective  Load  Resistance  (Plate-to-plate)  . .  . 

6000 

3800 

ohms 

Total  Harmonic  Distortion  . . . 

-  -  -  -  T  It 

2 

2 

per  cent 

Maximum-Signal  Power  Output  .  . . . 

31 

47 

watts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . 

0.1 

megohm 

For  cathode-bias  operation  . . . . . 

0.5 

megohm 

6L6G  Refer  to  chart  at  end  of  section. 

616GB  Refer  to  chart  at  end  of  section. 

617  Refer  to  chart  at  end  of  section. 

6L7G  Refer  to  chart  at  end  of  section. 


6LB8 


MEDEUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


Neonoval  type  with  frame-grid  pentode  used  in  tele¬ 
vision  receivers.  Triode  unit  is  used  as  a  voltage  am¬ 
plifier,  the  pentode  unit  is  used  as  a  video  amplifier. 
Outlines  section,  10  A;  requires  neonoval  9-contact 
socket.  Heater:  volts  (ac/dc)  6.3;  amperes,  0.725;  maxi¬ 
mum  heater-cathode  volts,  ±200  peak,  100  average. 


Class  Ax  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . , . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  Voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . . . 

Grid-No.  1  Voltage  . 

Cathode-Bias  Resistor  . .  - . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . 

Plate  Current  . 

Grid-No.2  Current  . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current 

of  20  ii A  . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current 

of  100  fiA  . . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1  Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . 


Triode  Unit  Pentode  Unit 

330  330 

•—  330 

—  See  curve  page  96 
0  0 
2  4 

—  1.1 

—  See  curve  page  96 


125 

50 

200 

— 

100 

100 

0 

0 

0 

68 

— 

82 

30 

— 

— 

6000 

— 

50000 

5000 

— 

20000 

13 

55* 

17 

— 

18* 

3.5 

—10 

. — 

— 

—5 


0.5  0.25 

1  1 


volts 

volts 

volts 

watts 

watts 


volts 

volts 

volts 

ohms 

ohms 

^.mhos 

mA 

mA 

volts 

volts 


megohm 

megohm 


*  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  l’atings  of  the  tube  will  not  be  exceeded. 


6LC8 

8LC8 


HIGH-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  Pentode  unit  is  used  in 
noise-immune  gated-agc-amplifier  circuits,  and  the 
triode  unit  in  sync-separator  circuits.  Outlines  section, 
6E;  requires  miniature  9-eontact  socket.  Type  8LC8  is 
identical  with  type  6LC8  except  for  heater  ratings. 
For  curves  of  average  plate  characteristics,  refer  to 
type  6KA8* 


eav 
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6LC8 


Heater  Voltage  (ac/de)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 


6.3 

0.6 

11 

rfc200  max 
160  max 


Direct  Inter  electrode  Capacitances  : 

Triode  Unit: 

Grid  to  Plate  . . . . 

Grid  to  Cathode,  Heater,  Pentode  Grid  No.3,  and  Internal  Shield 
Plate  to  Cathode,  Heater,  Pentode  Grid  No.3,  and  Internal  Shield 
Pentode  Unit: 

Grid  No.l  to  Plate  . . ............. 

Grid  No.l  to  Cathode,  Heater,  Grid  No.3,  Triode  Cathode,  and 


Grid  No.3,  Triode  Cathode,  and  Internal  Shield  to  Plate  ...... 

Grid  No.l  to  Grid  No.3,  Triode  Cathode,  and  Internal  Shield  .. 
Grid  No.3,  Triode  Cathode,  and  Internal  Shield  to  Plate,  Cathode, 
Heater,  Grid  No.l,  and  Grid  No.2  . 


8LC8 

8.4  : 
0.45 
11 

±:200  max 
100  max 


2.2 

2.8 

2.2 

0.10  max 

10 

3.4 

0.36 


12.5 


volts 

ampere 

seconds 

volts 

volts 


pF 

pF 

pF 

pF 

pF 

PF 

pF 

pF 


Class  Aj  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values)  Triode  Unit 

Plate  Voltage  . 300  volts 

Grid  Voltage: 

Positive-bias  value  . . *  0  ,r3 

Negative-bias  value  . .  — -50  voiJs 

Plate  Dissipation  . 1.1  watts 


CHARACTERISTICS 

Plate  Supply  Voltage  . . . 

Grid-No.2  Supply  Voltage  . . 

Grid-No.  1  Voltage  . 

Cathode- Bias  Resistor  . . . . 

Amplification  Factor  .  ,  . . . . 

Plate  Resistance  (Approx.)  . 

Transconductance,  Grid  No.l  to  Plate  . 

Transconductance,  Grid  No.3  to  Plate  . 

Plate  Current  . . . . 

Grid-No.2  Current  . 

Grid-No.  1  Voltage  (Approx.)  : 

For  plate  current  of  10  fiA  . 

For  plate  current  of  20  fiA  , . 

Grid-No.3  Voltage  (Approx.)  for  plate  current  of 

20  ittA  . . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


Triode  Unit 

Pentode  Unit 

200 

150 

volts 

100 

volts 

—2 

— 

volts 

180 

ohms 

70 

— 

17500 

100000 

ohms 

4000 

4400 

/tmhos 

— . 

600 

/tmhos 

4 

4 

mA 

— 

2.8 

mA 

—5 

_ 

volts 

— 

- — 4 

volts 

— 

_ _ 7$ 

volts 

Triode  Unit 

0.25 

megohm 

1 

megohm 

#  With  no  external  connection  to  triode  plate  and  triode  grid. 


Gated  AGC  Amplifier  and  Moise  Inverter 


For  operation  in  a  525-lime,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Grid-No.3  (Control-Grid)  Voltage: 

Positive-bias  value  . 

Negative-bias  value  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage: 

Positive-bias  value  . 

Negative-bias  value  . . . 

Plate  Dissipation  . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts 


Pentode  Unit 

800 

volts 

600 

volts 

0 

volts 

—100 

volts 

300 

volts 

See  curve  page  96 

0 

volts 

* — 50 

volts 

2 

watts 

1.1 

watts 

See  curve  page  96 

MAXIMUM  CIRCUIT  VALUES 

Grid-No. 1-Circuit  Resistance : 

For  fixed-bias  operation  . . .  0.5  megohm 

For  cathode-bias  operation  . .  1  megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 
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6LE8 

10LE8,  15I.E8  TWIN  PENTODE 

Miniature  type  used  as  combined  color  demodulator 
and  matrix  amplifier  in  color  television  receivers 
utilizing  high-level  demodulation  systems.  Outlines 
section,  6G;  requires  miniature  9-contact  socket.  Types 
10LE8  and  15LE8  are  identical  with  type  6LE8  except 
for  heater  ratings. 


6LE8  10LE8  15LE8 


Heater  Voltage  (ac/dc)  . 6.3  10.0  15.0 

Heater  Current  . 0.76  0,45  0.30 

Heater  Warm-up  Time  (Average)  . . . —  11  11 

Heater-Cathode  Voltage : 

Peak  value  . . .  -{-200, — 300  max 

Average  value  . . .  100  max 

Direct  Interelectrode  Capacitances : 

Plate  (Each  Unit)  to  All  Other  Electrodes  . .  . .  3.7 

Grid  No.l  to  All  Other  Electrodes  .  15.5 

Grid  No.3  (Each  Unit)  to  All  Other  Electrodes  .  6 

Grid  No.3  to  Plate  (Each  Unit)  . 2.7 

Grid  No.3  (Unit  No.l)  to  Grid  No.3  (Unit  No.2)  . . 0.1 


volts 

ampere 

seconds 


volts 

volts 


pF 

pF 

pF 

pF 

pF 


Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  (Each  Unit)  . . . . . . v  300  volts 

Grid-No.2  (Screen-Grid)  Voltage  . 150  volts 

Plate  Dissipation  (Each  Unit)  . 2  watts 

Grid-No.2  Input  . 2  watts 


CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.3  (Suppressor-Grid)  Voltage  . 

Grid-No.2  Voltage  .  .  . . 

Grid-No.  1  (Control-Grid)  Voltage,  Negative-bias  value 

Transconductance  (Approx.)  . 

Plate  Resistance  (Approx.)  . 

Plate  Current  . 

Grid-No.2  Current  . 

Grid-No.l  Voltage  for  plate  current  of  20  /tA  . 

Grid-No.  1  Voltage  for  plate  current  of  100  fiA  . 

Grid-No.3  Voltage  for  plate  current  of  20  jtiA  . . 

Grid-No.3  Voltage  for  plate  current  of  100  /.t A  . 


6i  Control 
100 
0 

100 

—2.5 

5800 

50000 


15 

—7.2 

—6.3 


6LF8 


HIGH-MU  TRtODE — 
SHARP-CUTOFF  PENTODE 


Miniature  type  used  in  video-amplifier  stages  of  color 
and  black-and-white  television  receivers.  Outlines  sec¬ 
tion,  6E ;  requires  miniature  9-contact  socket. 

Heater  Voltage  (ac/dc)  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . - .  . 

Average  value  . . . 

Direct  Interelectrode  Capacitances: 

Triode  Unit: 

Grid  to  Plate  . 

Grid  to  Cathode,  Heater,  Pentode  Cathode,  Pentode  Grid  No.3, 

and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Pentode  Cathode,  Pentode  Grid  No.3, 

and  Internal  Shield  .  . . 

Pentode  Unit : 

Grid  No.l  to  Plate  . . . . . . 

Grid  No.l.  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 
Internal  Shield  . *  >  *  ■ 


Go  Control 


100 

volts 

0 

volts 

100 

volts 

—2.5 

volts 

350 

£imhos 

50000 

ohms 

7.6 

mA 

14.5 

mA 

— 

volts 

volts 

—17.4 

volts 

—16.5 

volts 

H 

£~^G3p»KP 

tVt)gip 

r~*j 

mL 

/^G2p 

V 

ypp 

9DX 


6.3 

volts 

0.6 

ampere 

11 

seconds 

±200  max 

volts 

100  max 

volts 

2.2 

pF 

3.2 

pF 

1.8 

pF 

0.06  max 

pF 

10 

pF 

PLATE  MILLIAMPERES  Ufa) 
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Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No. 3,  and 

Internal  Shield  . 

Pentode  Grid  No.l  to  Triode  Plate  . . . 

Pentode  Plate  to  Triode  Plate  . . .  ....... 

Class  A  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Ti 

Plate  Voltage  . . . .  •  * . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . . 


3.6 

0.008  max 
0.1 5  max 


Triode  Unit  Pentode  Unit 

330  330 

—  330 

— ■  See  curve  page  00 


Grid-No.2  Voltage  . . .  —  See  curve  page  vo 

Grid-No.  1  (Control-Grid)  Voltage: 

Positive-bias  value  . J 

Negative-bias  value  . . 

Grid-No.  1  Current  . J  ” 

Plate  Dissipation  .  1,1 

Grid-No.2  Input:  1  1 

For  grid-No.2  voltages  up  to  165  volts  .  —  nff 

For  grid-No.2  voltages  between  165  and  330  volts  —  See  curve  page  9o 

CHARACTERISTICS  Triode  Unit  Pentode  Unit 

Plate  Voltage  . 200  40  75  100 

Grid-No.2  Voltage  . .  ~  “  15^  yj! 

Grid-No. 1  Voltage  .  — 2  J*  0  2,0 

Amplification  Factor  . . .  70  40  .... 

Plate  Resistance  (Approx.)  .  l^OO  ^11000 

Transconductance  . . 4000  4000  —  11000 

Plate  Current  .  4  11  50 «  20 

Grid-No.2  Current .  “  12  jJ 

Grid-No.  1  Current  .  0  2*7  u  u 

Grid-No.  1  Voltage  (Approx.)  for  plate 

current  of  20  /i A  .  “  ‘  " 

MAXIMUM  CIRCUIT  VALUES  .  TT  ,  «  .  .  ¥T  .. 

Grid-No.  1 -Circuit  Resistance:  Triode  Unit  Pentode  Unit 

For  fixed-bias  operation  . 

For  cathode-bias  operation  .  4  i 

.  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Triode  Unit 

Pentode  Unit 

200 

40 

75 

100 

_ _ 

150 

150 

— 2 

3 

0 

—2.5 

70 

40 

— 

-T“ 

17500 

10000 

— 

200000 

4000 

4000 

— 

11000 

4 

11 

50  « 

20 

12" 

5 

0 

2.7 

0 

0 

—5 

— 

— 

—8 

Triode  Unit  Pentode  Unit 

0.5  0.25  megohm 

1  1  megohm 


TYPE  6LF8 
TRIODE  UNIT 


n _ 1 _ S _ J 

&  ™,DJ t°4:T±Zc-~«  I 

0TTTZ3g 


200  300  400 

PLATE  VOLTS  .  92CS-I2384T 


TYPE  6LF8 
PENTODE  UNIT 
GRID -No.  2  VOLTS  =150 


i0HA  ■ 


GRID-No.  I  VOLTS  EC,sO 


1  Ecr°y  Fiy 


0  100  200  300  400 

PLATE  VOLTS  92CS-12398T 


MEDIUM-MU  TRIODE—  AS  gQ 

W-^$0G2P  SHARP-CUTOFF  PENTODE  ©LJ© 

Miniature  type  used  as  a  combined  oscillator  and 
TA^G3p  mixer  in  vhf  television  receivers.  Outlines  section, 
(^^0  K  6B;  requires  9-contact  socket.  Heater:  volts  (ac/dc), 
gt  gip  6.3;  amperes,  0.4;  maximum  heater-cathode  volts, 

9GF  ±200  peak,  100  average. 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Triode  Unit  Pentode  Unit 

Plate  Voltage  . . .  280  280  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . .  —  280  volts 

Voltaire  . .  —  See  curve  page  96 


Plate  Voltage  . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage 
Grid-No.2  Voltage  . 


350 
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Cathode  Current  . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . 

Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  140  volts  . 

For  grid-No.2  voltages  between  140  and  280  volts 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

Cathode-Bias  Resistor  . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . 

Plate  Current  . . . . 

Grid-No.2  Current  .  . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

30  fiA  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . 


20 

20 

mA 

0 

0 

volts 

2 

2 

watts 

0.5 

watts 

— 

See  curve  page  96 

125 

125 

volts 

— 

125 

volts 

68 

33 

ohms 

40 

— 

5000 

125000 

ohms 

8000 

13000 

/imhos 

13 

12 

mA 

— 

3.5 

mA 

* — 6.5 

—4 

volts 

1 

0.5 

megohm 

0.5 

0.25 

megohm 

6LM8 


MEDIUM-MU  TRIODE— SEMI¬ 
REMOTE-CUTOFF  PENTODE 

Miniature  type  used  in  color  and  black-and-white  tele-G 
vision  receiver  applications.  The  pentode  unit  is  used 
in  burst-amplifier  circuits,  and  the  triode  unit  as  a  , 
general-purpose  amplifier  tube.  Outlines  section,  6B;  <*? 
requires  miniature  9-contact  socket. 


9AE 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . . . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . 

Direct  Interelectrode  Capacitances : 

Triode  Unit : 

Grid  to  Plate  . . . 

Grid  to  Cathode,  Heater,  Pentode  Cathode,  Pentode  Gi’id  No.3, 

and  Internal  Shield  . . . 

Plate  to  Cathode,  Heater,  Pentode  Cathode,  Pentode  Grid  No.3, 

and  Internal  Shield  . . . . 

Pentode  Unit: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and  Internal 

Shield  . . . . . 

Heater  to  Cathode  (Each  Unit)  . . 

Class  At  Amplifier 


6.3 

volts 

0.45 

ampere 

dz200  max 

volts 

100  max 

volts 

1.8 

pF 

3.2 

pP 

1.9 

pP 

0.015  max 

pP 

5.5 

•  pP 

3.8 

pF 

3.2 

pF 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . , . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  . . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid-No.2  Voltage  .  . . . 

Grid  No.l  Voltage  . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . . 

Plate  Current  . 

Grid-No.2  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

10  jiA  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . , . . .  • 

For  cathode-bias  operation  . . . . 


Triode  Unit  Pentode  Unit 


330 

350 

volts 

— 

330 

volts 

. — 

See  curve  page  96 

0 

0 

volts 

2.5 

2.5 

volts 

'  ■ _ 

0.55 

watts 

See  curve  page  96 

125 

125 

volts 

— 

125 

volts 

—1 

—2 

volts 

46 

— 

5400 

150000 

ohms 

8500 

6000 

/tmhos 

13.5 

12 

mA 

— 

4 

mA 

—8 

—14 

volts 

0.5 

0.25 

megohm 

1 

0.5 

megohm 

Technical  Data 
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9DC 


MEDIUM-MU  TRIODE— 

SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  frequency-changer  service  in 
television  receivers.  Outlines  section,  6B;  requires 
miniature  9-contact  socket. 


Heater  Voltage  (ac/dc)  .... 

Heater  Current  . . 

Peak  Heater-Cathode  Voltage 


6.0  volts 

0.45  ampere 

±100  max  volts 


Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values} 

Plate  Supply  Voltage  . 

Plate  Voltage  . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage: 

With  cathode  current  of  14  mA  . 

With  cathode  current  less  than  10  mA  .  .  .  . . 

Cathode  Current  . . 

Plate  Dissipation  . * . 

Grid-No.2  Input :  , 

With  plate  dissipation  greater  than  1.2  watts  .  . 

With  plate  dissipation  less  than  1.2  watts  . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  . 

Amplification  Factor  . . 

Mu-Factor,  Grid  No.2  to  Grid  No.l  . . 

Plate  Resistance  (Approx.)  . - . 

Transconductance 

Plate  Current  . . . . 

Grid-No.2  Current  . . . . 

Input  Resistance  at  frequency  of  50  MHz  . 

Equivalent  Noise  Resistance  . . • 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


Triode  Unit  Pentode  Unit 


550 

550 

volts 

250 

250 

volts 

— 

550 

volts 

___ 

175 

volts 

_ 

200 

volts 

14 

14 

mA 

1.5 

1.7 

watts 

_ 

0.5 

watt 

— 

0.75 

watt 

100 

170 

volts 

_ 

170 

volts 

—2 

—2 

volts 

20 

— 

_ 

47 

0.4 

megohm 

5000 

6200 

/imhos 

14 

10 

mA 

_ 

2.8 

mA 

— 

0.01 

megohm 

— 

1500 

ohms 

0.5 

0.5 

megohm 

0.5 

1 

megohm 

9DX 


MEDIUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


6LQ8 


Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  pentode  unit  is  used 
as  a  vide©  output  tube.  The  triode  unit  is  used  in  syne 
separator  and  sound-if  circuits.  Outlines  section,  6E ; 
requires  miniature  9-contact  socket. 


PLATE  (Ib)OR  GR!D-Ne,2(XC2) 
MILLIAMPERES 


RCA  Receiving  Tube  Manual 


4.8 

0.015  max 
0.17  max 


Heater  Voltage  (ac/dc)  . . . . .  ►  •  6.8 

Heater  Current  . . . . •  •  ■  . . .  0.7 

Heater-Cathode  Voltage: 

Peak  value  . . .  . . . . . . . . . . .  ±200  max 

Average  value  . . . .  •  100  max 

Direct  Interelectrode  Capacitances : 

Triode  Unit: 

Grid  to  Plate  .  2,8 

Grid  to  Triode  Cathode,  Pentode  Cathode,  Heater,  Pentode 

Grid  No.3,  and  Internal  Shield  . . . .  4.2 

Plate  to  Triode  Cathode,  Pentode  Cathode,  Heater,  Pentode 

Grid  No.3,  and  Internal  Shield  .  .  .  .........  2,4 

Pentode  Unit :  .  .  _ 

Grid  No.l  to  Plate  . . .  0.12  max 

Grid  No.l  to  Cathode  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . 14 

Plate  tp  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and  _ 

Internal  Shield  . 4-8 

Triode  Grid  to  Pentode  Plate  . .  max 

Pentode  Plate  to  Triode  Plate  . .  0.17  max 

Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  m  .  ,  ■  „  A  .  TT  ... 

Triode  Unit  Pentode  Unit 

Plate  Voltage  . .  600  300 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  .  —  40g 

Grid-No. 2  Voltage  . . ...  —  See  curve  page  96 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  0  0 

Plate  Dissipation  . 2  a 

Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  150  volts  ..........  .  aa 

For  grid-No.2  voltages  between  150  and  300  volts  See  curve  page  9b 

CHARACTERISTICS  Triode  Unit  Pentode  Unit 

Plate  Supply  Voltage  .  12i>  J2j?  2!)2 

Grid-No.2  Supply  Voltage  .  “  12,>  12| 

Cathode-Bias  Resistor  . '  • »  68  82  b» 

Amplification  Factor  . . . :•  *  4b  crAnn 

Plate  Resistance  (Approx.)  .  4400  5o000  7b000 

Transconductance  .  ^ on 

Plate  Current  .  15 

Grid-No.2  Current  .  “  6’° 

Grid-No.  1  Voltage (  Approx.)  for  plate  current 

of  100  M  .  ~“6  ‘ L2  ~“4'2  . 

MAXIMUM  CIRCUIT  VALUES  Triode  Unit  Pentode  Unit 

Grid-No.l-Circuit  Resistance :  n  -  n  i 

For  fixed-bias  operation  .  u-® 

For  cathode-bias  operation  .  1  u*^° 


See  curve  page  96 


iode  Unit 

Pentode  Unit 

125 

125 

200 

125 

125 

68 

82 

68 

46 

— 

— 

4400 

55000 

75000 

10400 

21000 

23000 

15 

16.5 

20 

___ 

3.1 

3.5 

—6 

—4.2 

—4.2 

Triode  Unit 

Pentode  Unit 

megohm 

megohm 


TYPE  6LQ8 
PENTODE  UNIT 
GRID  “No.2  VOLTS 

-125 

^ 

_0_ 

_ n 

5 _ 

JjS L- 

HL6 

Cfcp  o 

-2 

mgmm 


0  100  200  300  400 

PLATE  VOLTS 


IOO  200  300 

PLATE  VOLTS 


400 

92CS— I26I6T1 


6LT8  TWIN  DIODE— 

8LT8  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  television  receiver  applications. 
The  pentode  unit  is  used  in  low-frequency  horizontal- 
oscillator  applications.  The  diode  units  are  used^  in 
horizontal  afc  discriminator  circuits.  Outlines  section, 
6B;  requires  miniature  9-contact  socket.  Type  8LT8 
is  identical  with  type  6LT8  except  for  heater  ratings. 


Technical  Data 
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Connected  to  ground 


Heater  Voltage  . 6.3  8.1  volts 

Heater  Current  .  0.6  0.45  ampere 

Heater  Warm-up  Time  (Average)  . 11  11  seconds 

Heater-Cathode  Voltage: 

Peak  value  . . ±200  max  ±200  max  volts 

Average  value  . . . . . .  ...  100  max  100  max  volts 

Pentode  Unit  as  Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . .  1 .  330  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  .  330  volts 

Grid-No. 2  Voltage  . . . . .  See  curve  page  96 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  .  0  volts 

Plate  Dissipation  . 3.1  watts 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  .  0.65  watt 

For  grid-No.2  voltages  between  165  and  33  volts  . . .  See  curve  page  96 

CHARACTERISTICS 

Plate  Voltage  . 125  volts 

Grid  No.3  (Suppressor  Grid)  . .  Connected  to  ground 

Grid-No.2  Voltage  . 125  volts 

Cathode-Bias  Resistor  . 56  ohms 

Plate  Resistance  (Approx.)  . 200000  ohms 

Transconductance  . 13000  /mihos 

Plate  Current  .  10  mA 

Grid-No.2  Current  . 3.4  mA 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  20  jiA  .  — 3.5  volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance,  for  cathode-bias  operation  . 1.0  megohm 

Diode  Unit  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  (Continuous  Operation)  . .  5  mA 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  20  mA  . 5  volts 

G!B  gIb 

nc„(J)0  SV1EDIUIV1-MU  TRIODE—  £i  .  lo 

BEAM  POWER  TUBE  ©LUO 

W[|EEE — Uuodecar  type  used  as  a  combined  vertical-deflection 
oscillator  and  vertical-deflection  amplifier  in  color 
television  receivers.  Outlines  section,  15D;  requires 
T  dT  *©  Kt  duodecar  12-contact  socket.  Heater:  volts,  6.3;  am- 
h  H  peres,  1.5;  maximum  heater-cathode  volts,  ±200  peak, 
12DZ  100  average. 

Class  Ax  Amplifier 


6LU8 


CHARACTERISTICS 


Plate  Voltage  . .  . . 

Grid-No.2  (Screen-Grid)  Voltage 
Grid-No.l  (Control-Grid)  Voltage 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Plate  Current  . . . . 

Grid-No.l  Voltage  (Approx.)  : 
Grid-No§l  Voltage  (Approx.)  : 

For  plate  current  of  10  /iA  .  . 

For  plate  current  of  100  fxA  . 

For  plate  current  of  1  mA  .  . 


Triode  Unit  Beam  Power  Unit 


250 

45 

135 

120 

volts 

— 

125 

120 

120* 

volts 

—4 

0 

—10 

— 10 

volts 

58 

16000 

— 

12000 

6.5 

ohms 

3600 

— 

9300 

— 

/imhos 

2.3 

200" 

56 

— 

mA 

— * 

20" 

3 

—  '  ' 

mA 

—6.6 

_ 

„ 

_ 

volts 

— 

—30 

— 

volts 

— 

— - 

—26 

— 

volts 

*  Triode  connection,  Grid  No. 2  connected  to  plate  at  socket. 

••  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the.  tube  will  not  be  exceeded. 

Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Triode  Unit  Beam  Power  Unit 
Oscillator  Amplifier 

Plate  Voltage  .... . . . .  400  400  ‘  volts 


Plate  Voltage  .... ....... 

Grid-No.2  Voltage  .....  .  ....  ,  V. 

Peak  Positive-Pulse  Plate  Voltage#  ... 
Peak  Negative-Pulse  Grid-No.l  Voltage 
Plate  Dissipation*  .... . ... , .... . . .  ,h  , ... 

Peak  Cathode  Current  . . 


Amplifier 

400 

300 

2500 

—250 

14 

260 
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30 

75 

mA 

2.75 

watts 

— 

210 

°C 

1.0 

megohm 

2.2 

2.2 

megohms 

Average  Cathode  Current  . . . . . . 

Grid-No.2  Input  . . .  . . 

Bulb  Temperature  (At  hottest  point)  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 
"  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 

6LX8/LCF802  Refer  to  types  6JW8  and  6JW8/ECF802. 

jl a  ¥o  HIGH-MU  TRIODE— 

OLIO  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  pentode  unit  is  used 
as  a  video  amplifier,  and  the  triode  unit  for  general- 
purpose  use.  Outlines  section,  6E;  requires  9-contact 
socket.  Heater:  volts  (ac/dc),  6.3;  amperes,  0.75;  max¬ 
imum  heater-cathode  volts,  zt200  peak,  100  average. 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 


Triode  Unit  Pentode  Unit 


Plate  Voltage  . •  ■  ■  * . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage  . . .  ............... 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . * . . * 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . .  . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Voltage  . •  • . . . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  . . . 

Cathode-Bias  Resistor  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . . 

Trans  conductance  . .  •  . 

Plate  Current  . . 

Grid-No.2  Current  . . . •  ■  . . * 

Grid  Voltag  (Approx.)  for  plate  current 

Of  10  /iA  . . . . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  100  jiA  . - . — * 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l -Circuit  Resistance: 

For  fixed-bias  operation  .  .  . . . 

For  cathode-bias  operation  . . 


6M11 


330 

330 

volts 

330 

volts 

_ 

See  curve  page  96 

0 

0 

volts 

1.0 

5,0 

watts 

___ 

1.1 

watts 

— 

See  curve  page 

96 

250 

35  200 

volts 

100  100 

volts 

—2.0 

0  — 

volts 

100 

—  82 

ohms 

59000 

—  60000 

ohms 

1700 

—  20000 

jumbos 

1.0 

54  19.5 

mA 

13.5  3.0 

roA 

—5 

—  .  — 

volts 

— 

—  —6.3 

-  volts 

0.5 

0.5 

megohm 

1.0 

1.0 

megohm 

JE— 

nnp 

pT2 

PTl 

6T2_  au 

J) 

J?Ti 

Duodecar  type  used  in  television  receiver  applications.  Ggp 
The  triode  units  are  used  in  sync-separator  and  age- 
amplifier  circuits;  the  pentode  unit  is  used  in  if -ampli¬ 
fier  circuits.  Outlines  section,' 8B;  requires  duodecar  H 

12-contact  socket  12CA 

Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . . . . . . 

Heater-Cathode  Voltage: 

Peak  value  ....  . 

Average  value  .  . ‘ 

Direct  Interelectrode  Capacitances  :** 

Triode  Units: 

Grid  to  Plate  . . . .  . . . 


6.3 

volts 

0.77 

ampere 

db200.  max 

volts 

100  max 

volts 

1.8 

pF 

Technical  Data 


Grid  to  Triode  Cathode,  Pentode  Cathode,  Heater,  Pentode 

Grid  No. 3,  and  Internal  Shield  .  . 

Plate  to  Triode  Cathode,  Pentode  Cathode,  Heater,  Pentode 

Grid  No.3,  and  Internal  Shield  . 

Pentode : 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Grid  No.2,  Grid  No.3,  and  Internal  Shield 
Plate  to  Cathode,  Grid  No.2,  Grid  No.3,  and  Internal  Shield  . 
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3.4 

PF 

0.8 

pF 

0.03 

pF 

12 

pF 

2.8 

PF 

•*  With  external  shield  connected  to  pentode  cathode,  grid  No.3,  and  internal  shield. 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . . . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No. 2  Voltage  . . 

Grid-No. 1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . v. . 

Grid-No.2  Input :  ) 

For  voltages  up  to  165  volts  . . ... 

For  voltages  between  165  and  330  volts  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . 

Cathode-Bias  Resistor  .  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . . . 

Grid-No.2  Current  . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current 

of  20  tiA  . . . . .  . . ; . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current 

of  50  jjlA  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1 -Circuit  Resistance,  for  cathode-bias 
operation  . . .  . . .  . . 


Each 

Triode  Unit  Pentode  Unit 


330 

330 

volts 

330 

volts 

_ 

See  curve  page  96 

0 

0 

volts 

2.25 

3.1 

watts 

__ 

0.65 

watt 

— 

See  curve  page  96 

125 

125 

volts 

125 

volts 

125 

56 

ohms 

58 

— 

7250 

200000 

ohms 

8000 

13000 

/imhos 

8 

11 

mA 

3.4 

mA 

— 

—3.5 

volts 

— 4.5 

— 

volts 

0.68 

1 

megohm 

9RQ 


MEDIUM-MU 
TRIPLE  TRIODE 


6MD8 


Novar  type  used  in  matrixing  circuits  of  color  and 
black-and-white  television  receivers.  Outlines  section, 
11E;  requires  novar  9-contact  socket. 


Heater  Voltage  (ac/dc)  . 

6.3 

0.9 

Heater-Cathode  Voltage : 

Peak  value  . . 

±200  max 

Average  value  . 

100  max 

.  Unit 

Unit 

Unit 

No.l 

No.2 

No.3 

Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  to  Plate  . 

3 

3 

3 

Grid  to  Cathode  and  Heater  . 

3.6 

3.6 

3.4 

Plate  to  Cathode  and  Heater  . 

0.48 

0.48 

0.36 

volts 

ampere 

volts 

volts 


pF 

pF 

pF 


Class  Ax  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  V . . . 

Grid  Voltage,  Positive-bias  value  . . . 

Plate  Dissipation  . . . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  Voltage  . .  . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . . . 

Transconductance  . . . . . 

Plate  Current  . . 

Plate  Current  for  grid  voltage  of  — 14  volts  . 

Grid  Voltage  (Approx.)  for  plate  current  of  50  fiA  . 


330 

volts 

0 

volts 

3 

watts 

250 

volts 

—10.5 

volts 

17 

5500 

ohms 

3100 

/tmhos 

11.5 

mA 

4 

mA 

—23 

volts 
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MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  fixed-bias  operation  . .  X  megohm 


6N6G 

Refer 

6N7 

6N7GT 

Refer 

6P5GT 

Refer 

6P7G 

Refer 

6Q7 

6Q7G 

6Q7GT 

Refer 

6Q1 1 

Refer 

6R7 

6R7G 

6R7GT 

Refer 

6S4 

Refer 

to  chart  at  end  of  section. 

to  chart  at  end  of  section. 

to  chart  at  end  of  section, 
to  chart  at  end  of  section. 

to  chart  at  end  of  section. 

to  chart  at  end  of  section. 

to  chart  at  end  of  section. 

to  chart  at  end  of  section. 


6S4A 


MEDIUM-MU  TRIODE 


Miniature  type  used  as  vertical-deflection  amplifier  in 
color  and  black-and-white  television  receivers.  Outlines 
section,  6E;  requires  miniature  9-contact  socket. 

Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . . . .  ■  . . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value  . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  to  Plate  . . . 

Grid  to  Cathode  aiid  Heater  . *  * 

Plate  to  Cathode  and  Heater . . . 

Class  A,  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . . - . . * . . .  . . 


6.3 

volts 

0.6 

ampere 

11 

seconds 

:200  max 

volts 

100  max 

volts 

2.4 

pF 

4.2 

pF 

0.6 

pF 

250 

volts 
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Grid  Voltage  . .  — 8  volts 

Amplification  Factor  . . . . * .  16.5 

Plate  Resistance  (Approx.)  . ’ . ; . . . .  3700  ohms 

Transconductance  ... . 4500  jumbos 

Plate  Current  . 24  mA 

Plate  Current  for  grid  voltage  of  — 15  volts  . . 4  m A 

Grid  Voltage  (Approx.)  for  plate  current  of  50  fi A  .  — 22  volts 

Vertical-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . 550  volts 

Peak  Positive-Pulse  Plate  Voltage#  . 2200  volts 

Peak  Negative-Pulse  Grid  Voltage  . .  • — 250  volts 

Peak  Cathode  Current  .  . . .  105  mA 

Average  Cathode  Current  . . 30  m A 

Plate  Dissipation  . . 8.5  watts 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  cathode-bias  operation  . - . .  2.2  megohms 


#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section* 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


6$7 

6S7G 

6S8GT 

6SA7 

6SA7GT 

6SB7Y 

6SC7 

6SF5 

6SF5GT 

6SF7 

6SG7 

6SH7 

6SJ7 

6SJ7GT 

6SK7 

6SK7GT 


KT2 


6SL7GT 


HIGH-MU  TWIN  TRIODE  12SL7GT 

Glass  octal  type  used  as  phase  inverter  in  radio  equip¬ 
ment.  Each  unit  may  also  be  used  in  resistance-coupled 
amplifier  circuits.  Outlines  section,  13D;  requires  octal 
socket.  Except  for  the  common  heater,  each  triode  unit 
is  independent  of  the  other.  For  typical  operation  as 
phase  inverter  or  resistance-coupled  amplifier,  refer  to  Resistance-Coupled 
Amplifier  section.  Type  12SL7GT  is  identical  with  type  6SL7GT  except  for 
heater  ratings. 


Heater  Voltage  (ac/dc) 

Heater  Current  . 

Peak  Heater-Cathode  Voltage 


6SL7GT  12SL7GT 
6.3  12.6 

0.3  0.15 

±90  max  ±90  max 


volts 

ampere 

volts 
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Direct  Interelectrode  Capacitances  (Approx.) 

Unit  No.l 
2.8 

Unit  No.2 

2.8 

pF 

3.0 

3.4 

pF 

U11U  IQ  valliuUC  ttliu  McaucA  »  ♦  •  4  *  •  ‘  •  *  '  *  •  *  *  ‘  *  *  ’ 

Plate  to  Cathode  and  Heater  . 

3.8 

3.2 

pF 

°  With  external  shield  connected  to  cathode. 

Class  A.  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . 

Grid  Voltage,  Positive-bias  value  . . . 

Plate  Dissipation  . . . . 


300  volts 

0  volts 

1  watt 


CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.) 

Transconductance  . 

Plate  Current  . 


250 

volts 

— 2 

volts 

70 

44000 

ohms 

1600 

//mhos 

2.3 

roA 

6SN7GT 

6SN7GTA 


Refer  to  chart  at  end  of  section. 


6SN7GIB  medium-mu  twin  triode 

12SN7GTA 

Glass  octal  type  used  as  combined  vertical  oscillator 
and  vertical-deflection  amplifier,  and  as  horizontal- 
deflection  oscillator,  in  color  and  black-and-white  tele¬ 
vision  receivers.  Each  unit  may  also  be  used  in  multi¬ 
vibrator  or  resistance-coupled  amplifier  circuits'  in 
radio  equipment.  Outlines  section,  13D;  requires  octal  SBD 

socket.  Except  for  the  common  heater,  each  triode  unit  is  independent  of 
the  other.  For  typical  operation  as  resistance-coupled  amplifier,  refer  to 
Resistance-Coupled  Amplifier  section.  Type  12SN7GTA  is  identical  with 
type  6SN7GTB  except  for  heater  ratings. 


6SN7GTB  12SN7GTA 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage: 

Peak  value  . . . 

Average  Value  . . . . *  • 

Direct  Interelectrode  Capacitances  (Approx.): 

Grid  to  Plate  .  .  . .  . . . * 

Grid  to  Cathode  and  Heater  . . 

Plate  to  Cathode  and  Heater  . . 

Class  A,  Amplifier  (Each 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . 

Cathode  Current  . . .  . . . 

Plate  Dissipation: 

For  either  plate  . . . . . .« . 

For  both  plates  with  both  units  operating  . 

CHARACTERISTICS 

Plate  Voltage  . . * - 

Grid  Voltage  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . 

Plate  Current  . . .  ■  •  ■  •  •  y  •  ■  . . 

Plate  Current  for  grid  voltage  of  — 12.5  volts  .  .  .  -  ■ . 
Grid  Voltage  (Approx.)  for  plate  current  of  10  /a A  . . 
MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  fixed-bias  operation  . 


6.3 

12.6 

volts 

0.6 

0.3 

ampere 

11 

seconds 

±200  max 

±200  max 

volts 

100  max 

100  max 

volts 

Unit  No.l 

Unit  No.2 

4.0 

3.8 

pF 

2.2 

2.6 

pF 

0.7 

0.7 

pF 

Unit) 

450 

volts 

20 

mA 

5 

watts 

7.5 

watts 

90 

250 

volts 

0 

- — 8 

volts 

20 

20 

6700 

7700 

ohms 

3000 

2600 

/fmhos 

10 

9 

mA 

1.3 

mA 

— 7 

—18 

volts 

1.0 

megohm 

Technical  Data 
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Oscillator  (Each  Unit) 


Fbr  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . . . 

Peak  Negative-Pulse  Grid  Voltage  . 

Peak  Cathode  Current  . . . 

Average  Cathode  Current  . 

Pla  te  Dissipation : 

For  either  plate  ; . 

For  both  plates  with  both  units  operating 
MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance  . . 


Vertical- 

Horizontal- 

Deflection 

Deflection 

Oscillator 

Oscillator 

;450 

450 

volts 

—400 

—600 

volts 

70 

300 

mA 

20 

20 

mA 

5-  ; 

5 

watts 

7.5 

7.5 

watts 

2.2 

2.2 

megohms 

Vertical  Deflection  Amplifier  (Each  Unit) 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . . 450  volts 

Peak  Positive- Pulse  Plate  Voltage#  (Absolute  maximum)  .  1500“  volts 

Peak  Negative-Pulse  Grid  Voltage  . .  — 250  volts 

Peak  Cathode  Current  .  70  mA 

Average  Cathode  Current  .  . .  20  mA 

Plate  Dissipation : 

For  either  plate  . 5  watts 

For  both  plates  with  both  units  operating  . . ..  7.5  watts 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  cathode-bias  operation  . 2.2  megohms 


#  Pulse  duration  must  not  exceed  15%  of  a  vertical  cycle  (2.5  milliseconds). 

*  Under  no  circumstances  should  this  absolute  value  be  exceeded. 


PLATE  VOLTS  92CS-8322TI 


Refer  to  chart  at  end  of  section,  6SQ7GT 

Refer  to  chart  at  end  of  section.  6SR7 

Refer  to  chart  at  end  of  section.  6SS7 

Refer  to  chart  at  end  of  section.  6ST7 

Refer  to  chart  at  end  of  section.  6SZ7 

Refer  to  chart  at  end  of  section.  6T4 

Refer  to  chart  at  end  of  section*  6T7G 

Refer  to  chart  at  end  of  section.  6T8 
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6T8A 


5T8 


TRIPLE  DIODE— 
HIGH-MU  TRIODE 


Miniature  type  used  as  combined  audio  amplifier,  AM*^ 
detector,  and  FM  detector  in  AM/FM  radio  receivers. 

Diode  unit  No.l  is  used  for  AM  detection,  and  diode 
units  No.2  and  No.3  are  used  for  FM  detection.  Out-  ^ 
lines  section,  6B;  requires  miniature  9-contact  socket.  p°3 
For  typical  operation  as  resistance-coupled  amplifier, 
refer  to  Resistance-Coupled  Amplifier  section.  Type  5T8  is  identical  with 
type  GT8A  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . . . 

Heater-Cathode  Voltage: 

Peak  value  . 

Average  value  . 

Direct  Interelectrode  Capacitances : 

Triode  Unit : 

Grid  to  Plate  . . . . 

Grid  to  Cathode,  Internal  Shield  (pin  7),  and. 

Heater  . . . . . .  ■"<- 

Plate  to  Cathode,  Internal  Shield  (pin  7),  and 

Heater  . . . . . 

Diode  Units : 

Diode-No.  1  Plate  to  Cathode,  Internal  Shield 

(pin  7),  and  Heater  . . . . 

Diode-No.2  Plate  to  Cathode,  Internal  Shield 

(pin  8),  and  Heater  . .  . . . 

Diode-No. 3  Plate  to:  Cathode,  Internal  Shield 

(pin  7),  and  Heater  . . . 

Diode-No.2  Cathode,  Internal  Shield  (pin  3)  to  All 

Other  Electrodes^  and  Heater  . . . . . 

Triode  Grid  to  any  Diode  Plate  . . 


5T8 

6T8A 

4.7 

6.3 

volts 

0.6 

0.45 

ampere 

11 

11 

seconds 

±200  max 

±100  max 

volts 

100  max 

-r* 

volts 

Unshielded 

Shielded 

1.7 

1.7 

pF 

1.6 

1.7 

pF 

1.2 

2.4 

pF 

3.8 

3.8 

pF 

3.8 

3.8* 

pF 

3.4 

3.6 

pF 

7.5 

8.5* 

pF 

0.034  max 

0.034  max 

pF 

*  With  external  shield  connected  to  pin  7  except  as  noted. 
®  With  external  shield  connected  to  pin  3. 

*  With  external  shield  connected  to  pins  4  and  5. 


Triode  Unit  as  Class  A,  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

330 

volts 

0 

volts 

1.1 

watts 

CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . . 

Amplification  Factor  . . . . 

100 

—1 

70 

250 

—3 

70 

volts 

volts 

Technical  Data 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . . . .  . . 

Diode  Units 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  (Each  Unit)  . . 
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54000 

58000 

ohms 

1300 

1200 

//.mhos 

0.8 

1.0 

mA 

5.5 

biA 

TRIPLE  DIODE—  £TO 

HIGH-MU  TRIODE 

Duodecar  type  used  in  audio-frequency  circuits.  The 
triode  unit  is  used  as  a  voltage  amplifier;  the  pen¬ 
tode  unit  is  used  as  a  power  amplifier.  .Outlines  sec¬ 
tion,  8B;  requires  duodecar  12-contact  socket. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . . . . 

Heater-Cathode  Voltage : 

Peak  value  . . . .  . . . . 

Average  value  . . . . . 

Direct  Interelectrode  Capacitances: 

Pentode  Section : 

Grid  No.X  to  Plate  . . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3,  and  Internal 

Shield  . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and  Internal 

Shield  . . . . . 

Triode  Unit: 

Grid  to  Plate  . . . . . . . . . 

Grid  to  Cathode,  Heater,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  and  Internal  Shield  . _ _ _ 


Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Grid-No.!  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . , .  .  . . , 

Grid-No.2  Input  . . . . ^ 

CHARACTERISTICS  (Triode  Unit) 

Plate  Voltage  . . . . 

Grid  Voltage  . . . . . 

Amplification  Factor  . . . . . 

Plate  Resistance  (Approx.)  . . . . . 

Transconductance  . . . , . . . 

Plate  Current  . . 

TYPICAL  OPERATION  (Pentode  Unit) 

Plate  Voltage  . . 

Grid-No.2  Voltage  . . . 

Grid-No.l  Voltage  . . 

Peak  AF  Grid-No.l  Voltage  . . 

Zero-Signal  Plate  Current  . . 

Maximum-Signal  Plate  Current  . . 

Zero-Signal  Grid-No.2  Current  . . 

Maximum-Signal  Grid-No.2  Current  . . 

Plate  Resistance  (Approx.)  . .  ... 

Transconductance  . .  .  . . 

Load  Resistance  ....  . . 

Total  Harmonic  Distortion  (Approx.)  . . 

Maximum-Signal  Power  Output  . 

MAXIMUM  CIRCUIT  VALUES 
Grid~No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . .  .  . 


Triode  Unit 
300 


1.5 


6.3 

volts 

0.03 

ampere 

±200  max 

volts 

100  max 

volts 

0.2 

pF 

11 

pF 

H 

pF 

2.6 

pF 

3.4 

pF 

1.1 

pF 

ntode  Unit 

27B 

volts 

275 

volts 

0 

volts 

12 

watts 

2 

watts 

250 

volts 

— 2 

volts 

95 

45000 

ohms 

2100 

//.mhos 

1.5 

mA 

250 

volts 

250 

volts 

—  8  ; 

volts 

8 

volts 

35 

mA 

39 

mA 

2.5 

mA 

7 

mA 

0.1 

megohm 

6500 

/xmhos 

5000 

ohms 

10 

per  cent 

4.2 

watts 

Triode  Unit  Pentode  Unit 

0.5  0.25  megohm 

1*  0.5  megohm 


*  For  cathode-bias  operation  of  the  triode  unit,  a  maximum  resistance  of  10  megohms  can  be 
used  provided  the  plate  dissipation  never  exceeds  0.25  watt. 
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6T10 


BEAM  POWER  TUBE— 
SHARP-CUTOFF  PENTODE 

Duodecar  type  used  as  combined  FM  detector  and 
audio-frequency  output  amplifier  in  color  and  black- 
and-white  television  receivers.  The  beam  power  unit 
is  used  in  af  output  stages,  and  the  sharp-cutoff,  dual¬ 
control  pentode  unit  is  used  as  an  FM  detector.  Out¬ 
lines  section,  8C;  requires  duodecar  12-contact  socket. 

For  maximum  ratings  and  characteristics,  refer  to  type 
6AL11. 

Heater  Voltage  (ac/dc)  . . .  .  . .  . . . 

Heater  Current  . . . 

Heater-Cathode  Voltage  . . 

Peak  value  . ; . - . 

Average  value  . . .  . . » . * . * . 

Direct  Interelectrode  Capacitances: 

Unit  No.l : 

Grid  No.l  to  Plate  . . : 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and  Internal 

Plate*  to  Cathode,  Heater j  Grid  No.2,  Grid  No.3,  and  Internal 

Shield  . . . . . 

Unit  No.2 : 

Grid  No.l  to  Plate  . . . . . 

Grid  No.3  to  Plate  . . . ........  .  .  .  •  ■  •  ■  *  •  * 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3  and  Internal 

Grid  No.3  to  Cathode,  Heater,’  Grid  No.l,  Grid  No.2,  Plate,  and 

Internal  Shield  .  .  . . 

Grid  No.l  to  Grid  No.3  .  . .  X**;" 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  . 


«2p  Pp 
(s)  (?) 

S>  Kb 

sip®\7>r^ 

H©G2B 

S 

is  (y'MS 

H 

H 

12EZ 

6.3 

volts 

0.95 

amperes 

±200  max 

volts 

100  max 

volts 

0.22 

pP 

11 

pF 

10 

PF 

0.032 

PF 

3 

PF 

6.5 

PF 

7.5 

pF 

0.12 

pF 

0.13 

pF 

6U5 

6U7G 

6U8 


Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 


6U8A 

5U8,  9U8A 


MEDIUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


Miniature  type  used  as  combined  oscillator  and  mixer 
tube  in  color  and  black-and-white  television  receivers 
utilizing  an  intermediate  frequency  in  the  order  of 
40  MHz.  Outlines  section,  6B;  requires  miniature  9- 
contact  socket.  Types  5U8  and  9U8A  are  identical  with 
type  6U8A  except  for  heater  ratings. 

Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . . . . ♦••• 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage: 

Peak  value  . . . 

Average  value  . . 

Direct  Interelectrode  Capacitances : 

Triode  Unit: 

Grid  to  Plate  . , 

Grid  to  Cathode,  Heater,  Pentode  Cathode, 

Pentode  Grid  No.3,  and  Internal  Shield 
Plate  to  Cathode,  Heater,  Pentode  Cathode, 

Pentode  Grid  No.3,  and  Internal  Shield 
Pentode  Unit: 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2, 

Grid  No.3,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No.2, 

Grid  No.3,  and  Internal  Shield  ........ 


9AE 


5U8  6U8A 

4.7  6.3 

0.6  0.45 

11  11 

9U8A 

9.45 

0.3 

11 

volts 

ampere 

seconds 

±200  max  ±200  max  ±200  max 
100  max  100  max  100  max 

Unshielded  Shielded* 

volts 

volts 

.  <  1.8 

1.8 

pF 

! .  2.8 

2.8 

PF 

! .  1.5 

2 

pF 

.  0.010  max 

0.006  max 

pF 

. .  5.0 

5.0 

pF 

. .  2.6 

3.5 

PF 
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Triode  Cathode  to  Heater  . 

Pentode  Cathode,  Pentode  Grid  No, 3,  and 

Internal  Shield  ,  .  . . . 

Pentode  Grid  No.l  to  Triode  Plate  . 

Pentode  Plate  to  Triode  Plate  . . 


3  3* 

0.2  max  0.2  max 
0.1  max  0.02  max 


*  With  external  shield  connected  to  pin  4  except  as  noted. 

*  With  external  shield  connected  to  pin  6, 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Triode  Unit  Pentode  Unit 

Plate  Voltage  . . . 330  330 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . —  330 

Grid-No.2  Voltage  . . ,  . .  —  See  curve  page  96 

Grid-No. X  (Control-Grid)  Voltage,  Positive-bias  value  0  0 

Plate  Dissipation  . . 2.5  3 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  ..........  —  0.55 

For  grid-No.2  voltages  between  165  and  330  volts  —  See  curve  page  9£ 

CHARACTERISTICS 

Plate  Voltage  . . 125  125 

Grid-No2  Voltage  . .  ~ 110 

Grid-No.l  Voltage  . .  — 1  * — 1 

Amplification  Factor  . . 40  - — 

Plate  Resistance  (Approx.)  . —  0.2 

Transconductance  .  .  .  . . 7500  5000 

Plate  Current  . 13.5  9.5 

Grid-No.2  Current  . —  3.5 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

20  /iA  . —9  —8 


330 

330 

volts 

— .. 

330 

See  curve  page  96 

volts 

0 

0 

volts 

2.5 

3 

watts 

— 

0.55 

See  curve  page  96 

watt 

125 

125 

volts 

110 

volts 

—i : 
40 

—1 

volts 

■  — 

0.2 

megohm 

7500 

5000 

(imhos 

13.5 

9.5 

mA 

3.5 

mA 

—9 

—8  ' 

volts 

MEDIUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


6U9/ 

ECF201 

5U9/LCF201 


Miniature  type  used  in  if-amplifier  and  sound  and  sync 
applications  in  television  receivers.  Outlines  section, 
6B,  except  has  10-pin  base?  requires  miniature  10- 
contact  socket.  Type  5U9/LCF201  is  identical  with 
type  6U9/ECF201  except  for  heater  ratings. 


Heater  Voltage  . . . 

Heater  Current  . . . 

Peak  Heater-Cathode  Voltage  . . . 

Direct  Interelectrode  Capacitance: 

Pentode  Unit: 

Plate  to  All  Other  Elements  (except  grid  No.l) 
Grid  No.l  to  All  Other  Elements  (except  plate) 

Grid  No.l  to  Cathode  . . 

Plate  to  Grid  No.l  .  .  .  . . 

Grid  No.l  to  Grid  No.2  . . 

Triode  Unit : 

Plate  to  All  Other  Elements  (except  grid)  ..... 
Grid  to  All  Other  Elements  (except  plate)  ..... 

Plate  to  Grid  . 

Pentode  Plate  to  Triode  Plate  . 

Pentode  Grid  No.l  to  Triode  Plate  . 

Pentode  Grid  No.l  to  Triode  Grid  . . 


5U9/LCF201  6U9/ECF201 

5.9  6.3 

0.45  0.41 


6.3 

volts 

0.41 

ampere 

±150  max 

volts 

3.5 

pF 

6.5 

pF 

4,0 

pF 

<6.5 

fF 

1.8 

pF 

3.0 

pF 

2.5 

pF 

2,0 

pF 

<15 

fF 

<1.2 

fF 

<1.5 

fF 

Glass  Aj  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

T 

Plate  Supply  Voltage  . . 

Plate  Voltage  . . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage  . . 

Peak  Cathode  Current*  . . 

Cathode  Current  . . . 

Plate  Dissipation  . . . 

Grid-No.2  Input  . . . 

CHARACTERISTICS 

Plate  Voltage  . . .  . . . . . .  - 

Grid-No.3  (Suppressor- Grid)  Voltage  . . ...» 

Grid-No.2  Voltage  . . . . 

Grid-No.l  (Control-Grid)  Voltage  . . . 


Triode  Unit  Pentode  Unit 


550 

550 

volts 

250 

250 

volts 

. — 

550 

volts 

__ 

250 

volts 

50 

— 

mA 

18 

18 

mA 

1.5 

2.1 

watts 

— 

0.7 

watt 

100 

160 

volts 

— * 

0 

volts 

110 

volts 

— 2 

—1.4 

volts 
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Mu  Factor,  Grid  No.l  to  Grid  No.2  . . 

.  17 

45 

.  5000 

12000 

#mhos 

Plate  Current  . . . 

14 

13 

mA 

Grid-No  2  Current  .  ,  ,  , 

■ 

5 

mA 

MAXIMUM  CIRCUIT  VALUES 

Gvid-No. 1-Circuit  Resistance  .  . . . 

. .  1 

1 

megohm 

•  With  a  maximum  duty  cycle  of  0.10  and 

maximum  pulse  duration 

of  10 

microseconds. 

6UW  THREE-UNIT  TRIODE 

n  KT2 

Duodecar  type  used  in  amplifier  applications.  Units  Tz  ($ 
No.l  and  No.3  are  medium-mu  triode  units,  and  unit  Kt  (* 

No,2  is  a  high-mu  triode  unit.  Outlines  section,  8A;  'O 
requires  duodecar  12-contact  socket.  Heater:  volts *t3(^3 
(ac/dc),  6.3;  amperes,  0.6;  warm-up  time  (average),  (\ 

11  seconds);  maximum  heater-cathode  volts,  ±275  Prs 
(peak)  for  units  1  and  3;  ±200  (peak)  for  unit  2; 

100  (average)  for  each  unit.  12FE 


Class  At  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . . 

DC  Grid  Voltage: 

Positive-bias  value  . . . 

Negative-bias  value  . . . 

Average  Cathode  Current  . . 

Plate  Dissipation  . . . . 

CHARACTERISTICS 

Plate  Voltage  . . . . 

Units  Nos, 
1  and  3 

330 

0 

— 50 

20 

2 

.  200 

Grid  Voltage  . . 

Amplification  Factor  . .  . . . . . 

--6 

17.5 

Plate  Resistance  (Approx.)  . 

7700 

'fra^S^rtrifliirfan^p  .  . . . 

2300 

piftipi  ninn'Aiif 

9.6 

Grid  Voltage  (Approx.): 

For  plate  current  of  100  /i A  . 

—15 

For  plate  current  of  35  fiA 

MAXIMUM  CIRCUIT  VALUES 


Unit 

No.2 

330 

0 

—50 

1 


200 
— 1,5 
90 

61000 

1600 

1.2 


volts 

volts 

volts 

mA 

watts 


volts 

volts 

ohms 
fim  hos 
mA 

volts 

volts 


Grid-Circuit  Resistance: 

For  fixed-bias  operation  .  1 

For  cathode-bias  operation  .  2.2 

*  This  value  may  reach  10  megohms  provided  the  plate-supply  voltage 
are  such  that  the  plate  dissipation  can  never  exceed  0.5  watt. 


0.5  megohm 

1*  megohms 

and  load  resistance 


6V3A 


HALF-WAVE 
VACUUM  RECTIFIER 


Miniature  type  used  as  a  damper  tube  in  horizontal- 
deflection  circuits  of  television  receivers.  Outlines  sec¬ 
tion,  7B;  requires  miniature  9-contact  socket.  This  tube, 
like  other  power-handling  tubes,  should  be  adequately 
ventilated.  Heater:  volts  (ac/dc),  6.3;  amperes,  1.75. 


Damper  Service 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage#  (Absolute  Maximum) 

Peak  Plate  Current  . . . 

Average  Plate  Current  . . 

Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value  . . . . 


+300 

+100 


6000f 

800 

135 

— 6750f 
— 750 f 


volts 

mA 

mA 

volts 

volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


f  Under  no  circumstances  should  this  absolute  value  be  exceeded. 
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6V6 


6V6GTA 

Tl|]\  BEAM  POWER  TUBE  5V6GT,  12V6GT 

Metal  type  6V6  and  glass  octal  type  6V6GTA  are  used 
H  as  outPu^  amplifiers  in  automobile,  battery-operated, 

0rir®<K  and  other  receivers  in  which  educed  plate-current 
Ncibv^GTA  drain  is  desirable.  Outlines  section,  2B  and  13D,  re- 

7 AC  spectively;  require  octal  socket.  These  tubes  are  equiva¬ 

lent  in  performance  to  type  6AQ5A.  Refer  to  type  6AQ5A  for  average 
plate  characteristic  curves.  Types  5V6GT  and  12V6GT  are  identical  with 
type  6V6GTA  except  for  heater  ratings. 


5V6GT 

6V6 

6V6GTA 

12V6GT 

Heater  Voltage  (ac/dc)  . 

4.7 

6.3 

6.3 

12.6 

volts 

Heater  Current  . . 

0.6 

0.45 

0.45 

0.225 

ampere 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage: 

11 

J — 

11 

■"** 

seconds 

Peak  value  . . 

±200  max 

±200  max 

±200  max 

±200  max 

volts 

Average  value  . 

100  max 

100  max 

100  max 

100  max 

volts 

6V6° 

6  VOGT  A 

Direct  Interelectrode  Capacitances 

(Approx.) : 

Grid  No.l  to  Plate  . .  .. 

Grid  No.l  to  Cathode,  Heater, 

Grid  No.2, 

and 

0.3 

0.7 

pF 

Grid  No.3  . . . 

10 

9.0 

pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  and 

Grid  No.3  . 

11 

7.5 

pF 

*  With  shell  connected  to  cathode. 


Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . , . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Plate  Dissipation  . .  . 

Grid-No.2  Input  . . 

TYPICAL  OPERATION 

Plate  Voltage  . .  180 

Grid-No.2  Voltage  .  180 

Grid-No.l  (Control-Grid)  Voltage  . .  — 8.5 

Peak  AF  Grid-No.l  Voltage  .  8.5 

Zero-Signal  Plate  Current  .  29 

Maximum-Signal  Plate  Current  . 30 

Zero-Signal  Grid-No.2  Current  . .  3 

Maximum-Signal  Grid-No.2  Current  .  4 

Plate  Resistance  (Approx.)  . 50000 

Transconductance  . 3700 

Load  Resistance  .  5500 

Total  Harmonic  Distortion  .  . . 8 

Maximum-Signal  Power  Output  . 2 

CHARACTERISTICS  (Triode  Connection)* 

Plate  Voltage  .  . 

Grid-No.l  (Control-Grid)  Voltage  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductaiice  . . . . . . 

Plate  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  0.5  mA  .  . . 

*  Grid  No.2  connected  to  plate. 

Push-Pull  Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Same  as  for  class  At  amplifier) 
TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Voltage  . V.. .  21 

Grid-No.2  Voltage  . . .  21 

Grid-No.l  (Control-Grid)  Voltage  . . .  ■ — ] 

Peak  AF  Grid-No.  1-to-Grid-No.l  Voltage  .  i 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  . .  I 

Effective  Load  Resistance  ( Plate- to-Plate)  . . .  100( 


180 

250 

315 

volts 

180 

250 

225 

volts 

— 8.5 

-  -12.5 

—18 

volts 

8.5 

12.5 

13 

volts 

29 

45 

34 

mA 

30 

47 

35 

mA 

3 

4.5 

2.2 

mA 

4 

7 

6 

mA 

50000 

50000 

80000 

ohms 

3700 

4100 

3750 

//.mhos 

5500 

5000 

8500 

ohms 

8 

8 

12 

per  cent 

2 

4.5 

5.5 

watts 

250 

285 

volts 

250 

285 

volts 

-15 

—  19 

volts 

30 

38 

volts 

70 

70 

TO  A 

79 

92 

mA 

5 

4 

mA 

13 

13.5 

mA 

10000 

8000 

ohms 
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Total  Harmonic  Distortion  . . . 
Maximum-Signal  Power  Output 
MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 
For  fixed-bias  operation  .  . 
For  cathode-bias  operation 


5 

3.5 

per  cent 

10 

14 

watts 

.  0.1 

megohm 

.  0.5 

megohm 

Vertical-Deflection  Amplifier  (Triode  Connection)* 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  .  350 

Peak  Positive-Pulse  Plate  Voltage#  . . . .  1200 

Peak  Negative-Pulse  Grid-No.l  (Control-Grid)  Voltage  .  275 

Peak  CJathode  Current  .  115 

Average  Cathode  Current  .  40 

Plate  Dissipation  . 10 


volts 

volts 

volts 

mA 

mA 

watts 


MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance,  for  cathode-bias  operation  .  2.2  megohms 

*  Grid  No.2  connected  to  plate. 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


6V6GT 


Refer  to  chart  at  end  of  section. 


6V7G 


Refer  to  chart  at  end  of  section. 


6W4GT 


HALF-WAVE 
VACUUM  RECTIFIER 


Glass  octal  type  used  as  damper  tube  in  television  re¬ 
ceivers.  Outlines  section,  13D;  requires  octal  socket. 
This  type  may  be  supplied  with  pin  No.l  omitted. 
Socket  terminals  1,  2,  4,  and  6  should  not  be  used  as 
tie  points.  This  tube,  like  other  power-handling  tubes, 
should  be  adequately  ventilated.  Power-rectifier  opera¬ 
tion  of  this  type  is  not  recommended. 


Heater  Voltage  (ac)  . .  . . .  6.3 

Heater  Current  . . .  1.2 

Direct  Intevelectrode  Capacitances  (Approx.)  : 

Plate  to  Cathode  and  Heater  .  6 

Cathode  to  Plate  and  Heater  .  13 

Heater  to  Cathode  . . . .  7 

Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate  Voltage  (Absolute  Maximum)#  .  3850 

Peak  Plate  Current  . .  750 

Average  Plate  Current  .  125 

Plate  Dissipation  . 3.5 

Heater-Cathode  Voltage: 

Peak  value  . .  4-300  • — 2300 

Average  value  .  . .  4-100  — 500 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  250  mA  .  21 


volts 

amperes 

pF 

PF 

pF 


volts 

mA 

mA 

watts 

volts 

volts 

volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


6W6GT 

12W6GT  BEAM  POWER  TUBE 

Glass  octal  type  used  in  the  audio  output  stage  of 
radio  and  color  and  black-and-white  television  re¬ 
ceivers.  Triode-connected,  it  is  used  as  a  vertical-de¬ 
flection  amplifier  in  television  receivers.  Outlines  sec¬ 
tion,  13D;  requires  octal  socket.  This  type  may  be 
supplied  with  pin  No.l  omitted.  Type  12W6GT  is  iden¬ 
tical  with  type  6W6GT  except  for  heater  ratings. 
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Heater  Voltage  (ac/dc)  ........ 

Heater  Current  . . 

Heater  Warm-up  Time  (Average) 
Heater-Cathode  Voltage : 


Peak  value 


Average  value 


SW6GT  12W6GT 

6.3  12.6 

1.2  0.6 

—  11 

t20»  max 

100  max  JlL^OO  max 


Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  No.l  to  Plate  . . .  .  ■  . . -  *  •  ■  -  • 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . . 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Plate  Dissipation  . . . 

Grid-No.2  Input  . . 

TYPICAL  OPERATION 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . 1. 

Grid-No.  1  (Control-Grid)  Voltage  . .  — 7 

Cathode-Bias  Resistor  . ‘ 

Peak  AF  Grid-No.  1  Voltage  .  7 

Zero-Signal  Plate  Current  . •  -  , 

Maximum-Signal  Plate  Current  . :  —  j 

Zero-Signal  Grid-No.2  Current  . . . 

Maximum-Signal  Grid-No.2  Current  .  • 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . . 

Load  Resistance  . . . . . 

Total  Harmonic  Distortion  (Approx.)  . - .  ■ 

Maximum-Signal  Power  Output  .  ^ 

CHARACTERISTICS  (Triode  Connection)* 

Plate  Voltage  . . . 

Grid-No.l  Voltage  . .  . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . •  ■  *  * . 

Transconductance  . . . . . . .  . . 

Plate  Current  . . . . i‘AV"‘ V"‘‘ 

Grid  No.l  Voltage  (Approx.)  for  plate  current  of  0.6  mA  - 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l  Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . . 


volts 
volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 
ohms 
/mihos 
ohms 
per  cent 
watts 


megohm 

megohm 


Grid  No.2  connected  to  plate. 


TYPE  6W6GT 
PENTODE  CONNECTION 
~  GRID-No.  2  VOLTS  *  125 


TYPE  6W6GT 

TRIODE  CONNECTION 

GRID  No.2  CONNECTED  TO  PLATE. 


AS 

a  ^  200  - 

O  2 

g  J  150- 
w  100  - 


£250  Ur 


No.i  VOLTS  Ecr 


PLATE  VOLTS 


PLATE  VOLTS 


Vertical  Deflection  Amplifier 

For  operation  in  a  625-line,  30-frame  system 

Triode  Pentode 

MAXIMUM  RATINGS  {Design-Maximum  Values)  Connection"  Connection 

DC  Plate  Voltage  . . .  .  . .  *SQ  ?330 

Peak  Positive-Pulse  Plate  Voltage#  . .  1200  1500 
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DC  Grid  No.2  (Screen-Grid)  Voltage  ..... 

165 

volts 

Peak  Negative-Pulse  Grid-No.l  Voltage  .  . . 

.—275 

—275 

volts 

Peak  Cathode  Current  . 

195 

195 

mA 

Average  Cathode  Current  . 

65 

65 

mA 

Plate  Dissipation  . 

......... 

8.5 

8 

watts 

Grid-No.2  Input  .  .  .  . . 

T. 

1.2 

watts 

MAXIMUM  CIRCUIT  VALUE 

Gdd-No.l-Circuit  Resistance,  for  cathode-bias  operation 

2.2 

2.2 

megohms 

*  Grid  No.2  connected  to  plate. 

#  Pulse  duration  must  not  exceed  15%  of  a 

vertical 

scanning  cycle  (2.5  milliseconds)* 

6W7G 


Refer  to  chart  at  end  of  section. 


6X4  FULL-WAVE 

12X4  VACUUM  RECTIFIER 

Miniature  type  used  in  power  supply  of  automobile 
and  ae-operated  radio  receivers.  Equivalent  in  perfor¬ 
mance  to  larger  type  6X5GT.  Outlines  section,  5D;  re¬ 
quires  miniature  7-contact  socket.  This  tube,  like  other 
power-handling  tubes,  should  be  adequately  venti¬ 
lated.  For  discussion  of  Rating  Chart  and  Operation 
Characteristics,  refer  to  Interpretation  of  Tube  Data, 
tical  with  type  6X4  except  for  heater  ratings. 


M  NC 


5BS 

Type  12X4  is  iden- 


Heater  Voltage  (ac/dc) 
Heater  Current  ....... 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . .  . . 


6X4  12X4 


6.3A  12.6  volts 

0.6  0.3  ampere 

+200,  - — 450  max  volts 

100  max  volts 


A  When  the  heater  is  operated  from  a  3-cell  (nominal-6-volt)  storage-battery  source,  the  per¬ 
missible  heater-voltage  range  is  from  5  to  8  volts. 


FulS-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage  . 1250  volts 

Steady-State  Peak  Plate  Current  (Per  Plate)  . 245  mA 

AC  Plate  Supply  Voltage  (Per  Plate,  ms)  . .  See  Rating  Chart 

DC  Output  Voltage  (At  filter  input) f  . . 350  Volts 

Average  Output  Current  (Each  plate) f  . 45  mA 

Hot-Switching  Transient  Plate  Current  . . . . .  # 

f  This  rating  applies  when  the  6X4  is  used  in  vibrator  operation  with  a  minimum  duty  cycle 
of  75  per  cent, 

#  If  hot-switching  is  regularly  required  in  operation,  the  use  of  choke-input  circuits  is  recom¬ 
mended.  Such  circuits  limit  the  hot-switching  current  to  a  value  no  higher  than  that  of  the 
peak  plate  current.  When  capacitor-input  circuits  are  used,  a  maximum  peak  current  value 
per  plate  of  1.1  amperes  during  the  initial  cycles  of  the  hot-switching  transient  should  not 
be  exceeded. 


TYPICAL  'OPERATION 

Filter  Input 

AC  Plate  Supply  Voltage  (Each  plate,  rms)»  .. 
Filter  Input  Capacitor  ^  ^ . . 

Effective  Plate  Supply  Impedance  (Each  plate)  .  . 

Filter  Input  Choke  . .  ...  - - 

Average  Output  Current  \  - . 

DC  Output  Voltage.  .  Input  .  to  ..Falter  (Approx.) 


Sine  Wave  Operation 
Capacitor  Choke 

325  400 

10  — 

■525  : '  —  ■ 

— •  10 

TO  70 

310  340 


Vibrator 

Operation 

Capacitor 

volts 

10 

pF 

— - 

ohms 

henries 

70 

mA 

240 

volts 

*  AC  plate  supply  Is  «neash£,ed  without  load. 


DC  OUTPUT  VOLTS  AT  INPUT  TO  FILTER 


Technical  Data 
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OPERATION  CHARACTERISTICS 
FULL-WAVE  CIRCUIT,  CAPACITOR  INPUT  TO  FILTER 


OPERATION  CHARACTERISTICS 


FULL-WAVE  CIRCUIT.  CHOKE  INPUT  TO  FILTER 


0  100  200  300  400  500 

AC  PLATE  SUPPLY  VOLTS  (RMS)  PER  PLATE  (WITHOUT  LOAD) 

92CS-8025T2 


Refer  to  chart  at  end  of  section. 


6X5 


FULL-WAVE 
VACUUM  RECTIFIER 


6X5GT 


Glass  octal  type  used  in  power  supply  of  automobile 
and  ae-o^erated  receivers.  Outlines  section,  13D;  re¬ 
quires  o£tal  socket.  This  type  may  be  supplied  with 
pin  fcfoJ[  omitted.  For  maximum  ratings*  and  typical 
dperatioii*  refer  to  type  6X4. 
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6X8  MEDIUM-MU  TRIODE— 

5X8,  i9X8  SHARP-CUTOFF  PEMTODE 

Miniature  type  used  as  combined  oscillator  and  mixer 
tube  in  television  receivers  utilizing  an  intermediate 
frequency  in  the  order  of  40  MHz  and  in  AM/FM  re¬ 
ceivers.  Outlines  section,  6B;  requires  miniature  9-con¬ 
tact  socket.  Types  5X8  and  19X8  are  identical  with 
type  6X8  except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  . - . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage  : 

Peak  value  ............. . . 

Average  value  . . . 

Direct  Interelectrode  Capacitances: 

Triode  Unit : 

Grid  to  Plate  . . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . 

Pentode  Unit: 

Grid  No.l  to  Plate  . • 

Grid  No-.l  to  Cathode,  Heater,  Grid  No.2,  and 

Grid  No.3  . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  and 

Grid  No.3  . . . 

Pentode  Grid  No.l  to  Triode  Plate  . 

Pentode  Plate  to  Triode  Plate  .  . . . 

Heater  to  Cathode  . . * . •  . 

*  With  external  shield  connected  to  cathode  except  as  noted. 

*  Wilth  external  shield  connected  to  pentode  plate. 


9AK 


5X8 

6X8 

19X8 

4.7 

6.3 

18.4 

volts 

0.6 

0.45 

0.15 

ampere 

11 

— 

seconds 

±200  max 

±200  max 

±200  max 

volts 

100  max 

100  max 

100  max 

volts 

Unshielded  Shielded* 


1.5 
2 

0.5 

0.09  max 

4.6 
0.9 

0.06  max 
0.05  max 
6.5 


1.5 
2.4 

1 

0.06  max 
4.8 

1.6 

0.04  max 
0.008  max 
6.5* 


Class  A,  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid  No.2  (Screen-Grid)  Supply  Voltage  . . . . 

Grid-No.2  Voltage  . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . .  .  .  . . . 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  137.5  volts  . .  . . 

For  grid-No.2  voltages  between  187.5  and  276  volts 


Triode  Unit 
275 


0 

1.7 


Pentode  Unit 

275 

275 

See  curve  page  96 
0 
2.3 

0.45 

See  curve  page  96 


»F 

pF 

pF 

pF 

pF 

PF 

pF 

PF 

pF 


volts 

volts 


volts 

watts 


ac  cl 
o  £ 


TYPE  6X8 
PENTODE  UNIT 
GRID-No.  2  VOLTS =  150 
GRID -No.  3  VOLTS  =  0 


n 

IS 

+' 

15 

0 

■ 

M 

0.5 

S3 

GRU 

)-No. 

volts  ecr-i.o  — 

Hra 

I'Z&WMM 

- 

L5 

4-n  * 

EK 

sssm 

-2.5 

MS 

wa 

— 

— 

— j 

:i=Q 

m 

55 

— 

— 

— 

100  200  300  400 

PLATE  VOLTS  92CS-753ET 


CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  No.3  . . . . . 

Grid-No.2  Voltage  . 

_  Grid-No.  1  Voltage  . 

Amplification  Factor  ...... 

plate  Resistance  (Approx.) 

,  Trans  conductance  . . 


125  126  volts 

Connected  to  cathode  at  socket 
—  125  volts 

— X  — 1  volt 

40  — 

6000  300000  ohms 

6500  5500  ^mhos 
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Plate  Current  . . . 

Grid-No.2  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 
20  fi  A  . . .  . . 


G3p,IS  (5)_ 

Pp 

G<p(?U“ZzrJ 

k?@5> 

pj 

(j  V-- — 

— -mo) 

Kj 

gt 

6X9/ 

HIGH-MU  TRIODE—  crCOAA 

SHARP-CUTOFF  PENTODE  EV-rZUU 

Miniature  type  used  as  if-amplifier  tube  in  television 
receivers.  Outlines  section  6B,  except  has  10-pin  base; 
requires  miniature  10-contact  socket. 


Heater  Voltage  . . . . 

Heater  Current  . . . 

Peak  Heater-Cathode  Voltage  . 

Direct  Interelectrode  Capacitances : 

Triode  Unit : 

Plate  to  All  Other  Elements  (except  grid)  .  . . 

Grid  to  All  Other  Elements  (except  plate)  . 

Plate  to  Grid . . . 

Pentode  Unit : 

Plate  to  All  Other  Elements  (except  grid  No.l) 
Grid  No.l  to  All  Other  Elements  (except  plate) 

Grid  No.l  to  Cathode  . 

Plate  to  Grid  No.l  . . . 

Grid  No.l  to  Grid  No.2  . . . . . 

Pentode  Grid  No.l  to  Triode  Plate  . . 

Pentode  Grid  No.l  to  Triode  Grid  . 

Pentode  Plate  to  Triode  Plate  . . . 


6.3 

0.41 

±150  max 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 


Triode  Unit  Pentode  Unit 


Plate  Supply  Voltage  . . 

Plate  Voltage  . . 

Peak  Plate  Voltage*  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage 

Grid-No.2  Voltage  . 

Cathode  Current  . . . 

Plate  Dissipation  . . 

Grid-No.2  Input  . 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid-No. 3  (Suppressor-Grid)  Voltage  . .  . 

Grid-No.2  Voltage  . . . 

Grid-No.l  (Control-Grid)  Voltage  . 

Mu  Factor,  Grid-No.l  to  Grid-No.2  . 

Amplification  Factor*  . . . . . 

Trans  conductance  . 

Plate  Current  . . . . . 

Grid-No.2  Current  . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l -Circuit  Resistance  . 


550 

550 

volts 

250 

250 

volts 

600 

— 

volts 

550 

volts 

_ 

250 

volts 

18 

18 

mA 

1.5 

2.1 

watts 

— 

0.7 

watt 

170 

160 

volts 

_ 

0 

volts 

_ 

135 

volts 

—1.0 

—1.7 

volts 

— 

55 

55 

— 

4800 

14000 

/imhos 

8.5 

13 

mA 

— 

5 

mA 

1 

1 

megohm 

►  With  a  maximum  duty  factor  of  0.18  and  maximum  pulse  duration  of  18  microseconds. 


Refer  to  chart  at  end  of  section. 


BEAM  POWER  TUBE 


6Y6GA/ 

6Y6G 


Glass  octal  type  used  as  output  amplifier  in  radio  re¬ 
ceivers  and  in  rf -operated,  high-voltage  power  supplies 
in  television  equipment.  Outlines  section,  19B;  requires 
octal  socket. 


Heater  Voltage  (ac/dc)  . .  ;  . 

Heater  Current  . 

Peak  Heater-Cathode  Voltage 


6.3  volts 

1.25  amperes 

±180  max  volts 
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Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No. 3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  ... 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . . . . 

Plate  'Dissipation  . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  100  volts  . . 

For  grid-No.2  voltages  between  100  and  200  volts  . 


TYPICAL  OPERATION 

Plate  Voltage  . 135 

Grid-No.2  Voltage  .  135 

Grid-No. 1  (Control-Grid)  Voltage  . .  — 13.5 

Peak  AF  Grid-No.  1  Voltage  .  13.5 

Zero-Signal  Plate  Current  . 58 

Maximum-Signal  Plate  Current  .  60 

Zero-Signal  Grid-No.2  Current  .  3.5 

Maximum- Signal  Grid-No.2  Current  .  11.5 

Plate  Resistance  (Approx.)  . 9300 

Transconductance  . 7000 

Load  Resistance  .  2000 

Total  Harmonic  Distortion  .  10 

Maximum-Signal  Power  Output  .  3.6 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . 


0.7 

pF 

12 

pF 

7.5 

pF 

200 

volts 

200 

volts 

See  curve  page  96 

12.5 

watts 

1.75 

watts 

See  curve  page  96 

200 

volts 

135 

volts 

—14 

volts 

14 

volts 

61 

mA 

66 

raA 

2.2 

mA 

9 

mA 

18300 

ohms 

7100 

joemhos 

2600 

ohms 

10 

per  cent 

6 

watts 

0.1 

megohm 

0.5 

megohm 

6Y7G 


Refer  to  chart  at  end  of  section. 


6Y9 

UY9 


DUAL  PENTODE 


Miniature  type  for  use  in  color  and  black-and-white 
television  receiver  applications.  Unit  No.  1  is  used  as 
a  video  output  pentode,  and  unit  No.  2  as  a  sound  if 
amplifier,  age  amplifier,  or  sync  separator.  Outlines 
section,  6L,  except  has  10-pin  base;  requires  minia¬ 
ture  10-contact  socket.  Type  11Y9  is  identical  with 
type  6Y9  except  for  heater  ratings. 


Heater  Voltage  . . . . 

Heater  Current  . . . . . . . 

Peak  Heater-Cathode  Voltage  . 

Direct  Interelectrode  Capacitances : 

Unit  No.l : 

Plate  to  AH  Other  Elements  (except  grid  No.l) 
Grid  No.l  to  All  Other  Elements  (except  plate) 

Plate  to  Grid  No.l  . 

Unit  No.2  :  . ,  XT 

Plate  to  All  Other  Elements  (except  grid  No.l) 
Grid  No.l  to  AH  Other  Elements  (except  plate) 

Plate  to  Grid  No.l  . 

Grid  No.l  to  Heater  . 

Plate  to  Plate  . 

Grid  to  Grid  . . . 

Plate  (Unit  No.l)  to  Grid  No.l  (Unit  No.2)  . 

Plate  (Unit  No.2)  to  Grid  No.l  (Unit  No.2)  . 


6Y9 

11Y9 

6.3 

11 

volts 

0.8 

0.45 

ampere 

±200  max 

±200  max 

volts 

7 

pF 

12 

pF 

95 

fF 

11 

10 

140 

<100 

<150 

<10 

<100 

<5 


pF 

pF 

fF 

fF 

fF 

fF 

fF 

fF 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . .  . . . . 

Plate  Voltage  . * . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . . . . . 

Cathode  Current  . . * . 

Plate  Dissipation  . 

Grid-No.2  Input  . * . - . *  -  • 


Unit  No.l 

Unit  No.2 

550 

550 

volts 

250 

250 

volts 

550 

550 

volts 

250 

250 

volts 

60 

15 

mA 

5.0 

1.5 

watts 

2.5 

0.5 

watts 

Technical  Data 
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CHARACTERISTICS 


Plate  Voltage  . . . . . 

170 

150 

volts 

Grid-No.2  Voltage  . 

170  ■ 

150 

volts 

Grid-No.l  (Control-Grid)  Voltage  . 

— 2.6 

—2.3 

volts 

Mu  Factor,  Grid-No.l  to  Grid-No.2  . 

38 

85 

Internal  Resistance  . . 

40 

160 

kohms 

Transconductance  . . . . 

21000 

8500 

/(mhos 

Plate  Current  . . . 

39 

10 

mA 

Grid-No.2  Current  . . .  . . 

6.5 

3.0 

mA 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Cireuit  Resistance  ...... 

1 

1 

megohm 

Refer  to  chart  at 

end 

of 

section. 

6Z5 

Refer  to  chart  at 

end 

of 

section. 

6Z7G 

12BT 


PENTODE- 
BEAM  POWER  TUBE 

Duodecar  type  used  as  a  combined  limiter,  discrimi¬ 
nator,  and  audio  power-output  tube  in  FM  radio  and 
television  receivers.  Outlines  section,  8C;  requires 
duodecar  12-contact  socket. 


Heater  Voltage  (ac/dc)  . .  6.3  volts 

Heater  Current  . 0.95  ampere 

Heater-Cathode  Voltage: 

Peak  value  . . ±200  max  volts 

Average  value  . 100  max  volts 

Direct  Interelectrode  Capacitances : 

Pentode  Unit : 

Grid  No.l  to  Grid  No.3  .  0.009  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  Grid  No.3,  Plate, 

and  Internal  Shield  .  4.4  pF 

Grid  No.3  to  Cathode,  Heater,  Grid  No.l,  Grid  No.2,  Plate, 

and  Internal  Shield  .  3.2  pF 

Beam  Power  Unit: 

Grid  No.l  to  Plate  .  0.22  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No. 8  _  11  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  7.5  pF 


Pentode  Unit  As  Class  Ai  Amplifier 


CHARACTERISTICS 


Plate  Voltage  . . 

Grid-No. 8  (Suppressor-Grid)  Voltage  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage  . . . 

Grid  No.  1  (Control-Grid)  Voltage  . 

Grid-No.2  Resistor  . 

Plate  Resistance  . . . . . . 

Transconductance,  Grid  No.l  to  Plate . 

Transconductance,  Grid  No, 3  to  Plate  . 

Average  Plate  Current  . . . 

Grid-No.2  Current  . . . 

Grid  No.l  Voltage  (Approx.)  for  plate  current  of 

20  fiA . . . . . 

Grid  No. 8  Voltage  (Approx.)  for  plate  current  of 
20  M . . . . 


135 

135 

135 

volts 

4 

4 

4 

volts 

— 

280 

280 

volts 

75 

— 

— 

volts 

0 

J) 

0 

volts 

— 

88 

83 

kohms 

— 

— . 

— 

megohms 

— 

— 

360 

fim  hos 

— 

—  . 

700 

/(mhos 

— 

5 

— 

mA 

4.5 

— 

mA 

— 

— 

— 4 

volts 

— . 

— 

— 4 

volts 

Beam  Power  Unit  as  Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 


Plate  Voltage  . 275 

Grid-No.2  (Screen-Grid)  Voltage  . 275 

Plate  Dissipation  . 10 

Grid-No.2  Input  . . . . . . .  2 

TYPICAL  OPERATION 

Plate  Voltage  . . . . . . .  #  250 

Grid-No.2  Voltage  . 250 

Grid-No.l  (Control-Grid)  Voltage  .  — 8 

Peak  AF  Grid-No.l  Voltage . . . . .  8 

Zero-Signal  Plate  Current  . 35 

Maximum-Signal  Plate  Current  . . 39 

Zero-Signal  Grid-No.2  Current  . 3 

Maximum -Signal  Grid-No.2  Current  .  18 

Plate  Resistance  (Approx.)  . 0.1 

Transconductance  . .  6500 


volts 

volts 

watts 

watts 


volts 

volts 

volts 

volts 

mA 

mA 

mA 

mA 

megohm 

/(mhos 
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Load  Resistance  . . . 

Total  Harmonic  Distortion 
Maximum-Signal  Power  Output 
MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 
For  fixed-bias  operation  . . 
For  cathode-bias  operation 


6000 

8.5 

4.2 


0.26 

0.6 


Pentode  Unit  as  Limiter  and  Discriminator 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . 

Grid-No.2  Voltage  . . 

Grid-No.l  Voltage,  Peak  positive  value  . 

Average  Cathode  Current  . . 


330 

330 

60 

13 


6ZY5G 


Refer  to  chart  at  end  of  section. 


per 


ohms 

cent 

watts 


megohm 

megohm 


volts 

volts 

volts 

mA 


7  A4 
7A5 
7A6 
7A7 
7A8 
7AD7 
7AF7 
7AG7 
7AH7 
7AU7 
7B4 
7B5 
7B6 
7B7 
7B8 
7C5 
7C6 
7C7 
7E6 
7E7 
7EY6 
7F7 
7F8 
707 
7H7 
7HG8 

7HG8/PCF86 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 

Refer  to  type  12AU7A. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 

Refer  to  type  6HG8. 
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Refer  to  chart  at  end  of  section.  7J  7 

Refer  to  chart  at  end  of  section.  7K7 

Refer  to  chart  at  end  of  section.  717 

Refer  to  chart  at  end  of  section.  7N7 

Refer  to  chart  at  end  of  section.  7Q7 

Refer  to  chart  at  end  of  section.  7R7 

Refer  to  chart  at  end  of  section.  7S7 

Refer  to  chart  at  end  of  section.  7V7 

Refer  to  chart  at  end  of  section.  7W7 

Refer  to  chart  at  end  of  section.  7X7 

Refer  to  chart  at  end  of  section.  7Y4 

Refer  to  chart  at  end  of  section.  7Z4 

Refer  to  type  6AR11.  8AR11 

Refer  to  type  6ATJ8A.  8AU8 

Refer  to  type  6AW8A.  8AW8A 

Refer  to  type  6B10.  ‘  SB  10 

Refer  to  type  6BA8A.  8 BABA 

Refer  to  type  6BA1L  8BA11 

Refer  to  type  6BH8.  8BH8 


H  H 


12FU 


DUAL  PENTODE  8BM1 1 

Duodecar  type  used  as  if  amplifier  in  television  re¬ 
ceivers.  Unit  No.l  is  a  semiremote-cutoff  pentode,  and 
unit  No.  2  is  a  sharp-cutoff  pentode.  Outlines  section, 
8B;  requires  duodecar  12-contact  socket.  Heater:  volts 
(ac/dc),  8.4;  amperes,  0.45;  maximum  heater-cathode 
volts,  ±200  peak,  100  average. 


Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . . 

Grid-No.3  (Suppressor-Grid)  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage . . . . 

Grid-No. 1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . . . 

Grid-No.2  Input . . . . . . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . 

Grid  No.3  .... . . . . 

Grid-No.2  Voltage  . . 

Cathode-Bias  Resistor . . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . . 

Plate  Current  . . . . . 

Grid-No.2  Current  . . . . . . . 

Grid-No. 1  Voltage  (Approx.)  for  plate  current  of 

20  y«A  .  . . . . . . . . . .... 

Grid-No.l  Voltage  (Approx.)  for  transconductance  of 

50  /imho . . . . . . . \ 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance,  for  cathode-bias 
operation  . . . . . 


Unit  No.l  Unit  No.2 

160  160  volts 

0  0  volts 

160  160  volts 

0  0  volts 

2.2  2.2  watts 

0.55  0.55  watt 

125  125  volts 

Connected  to  cathode  at  socket 
125  125  volts 

56  120  ohms 

220000  300000  ohms 

8800  8.500  /imhos 

14  9.0  mA 

3.6  2.5  '  mA 

—  — 5.5  volts 

— 16.5  —  volts 


1.0  0.25  megohm 
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Refer  to  type  6BN8. 
Refer  to  type  6BQ5. 


8BQ1 1  SEMI  REMOTE-CUTOFF 

liBQii  DUAL  PENTODE 

Duodeear  type  used  as  intermediate-frequency  ampli¬ 
fier  in  television  receivers.  Outlines  section,  8B;  re¬ 
quires  duodeear  12-contact  socket.  Type  11BQ11  is 
identical  with  type  8BQ11  except  for  heater  ratings. 

8BQ11 

Heater  Voltage  (ac/dc)  . . . . . . . . . . 

Heater  Current  . . — . 

Heater  Warm-up  Time  (Average)  . , .  11 

Heater-Cathode  Voltage: 

Peak  value  . . .  ±200  mt 

Average  value  . .  100  rm 


KPZ  TsP| 

6,Pz^(£l©^ 


volts 

ampere 

seconds 


±200  max  ±200  max 
1 00  max  100  max 


Unit  No.l  Unit  No.2 

Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . . . .  .  0.022  0.024 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2, 

Grid  No.2,  and  Internal  Shield . 10  — 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield . . . . .  2.8  — 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2, 

Grid  No.3,  Grid  No.3  of  Unit  No.l,  and 

Internal  Shield  . . * —  31 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

Grid  No.3  of  Unit  No.l,  and  Internal  Shield  .  —  2.8 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  . 0.015 

Grid  No.l  of  Unit  No.l  to  Plate  of  Unit  No.2  . 0.002 

Grid  No.l  of  Unit  No.2  to  Plate  of  Unit  No.l  0.008 

Grid  No.l  of  Unit  No.l  to  Grid  No.l  of  Unit  No.2  . 0.002 

Class  A,  Amplifier 


Unit  No.l  Unit  No.2 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage . . . . . . 

Grid-No.3  (Suppressor-Grid)  Voltage  . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage  . .  •  * 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  ....... .. . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . .  * . 

Grid  No.3  . . . 

Grid-No.2  Voltage  . . . . . . 

Cathode-Bias  Resistor . . 

Plate  Resistance  (Approx.)  . . . . 

Transconductance  . . 

Plate  Current  . . . * 

Grid-No.2  Current  . •  •  • . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  20  fX A  . . . . 

Grid-No.l  Voltage  (Approx.)  for  transconductance 

of  50  /tmho  . . .  . . * 

MAXIMUM  CIRCUIT  VALUES 

Grid-No. I  -Circuit  Resistance,  for  cathode-bias 

operation  . . 


OD1  M  ,  MEDIUM-MU  TWIN  TRIODE — 
8BU1 1  SHARP-CUTOFF  PENTODE 

Duodeear  type  used  in  television  receiver  applications. 
Outlines  section,  8C;  requires  duodeear  12-contact 
socket.  Heater:  volts  (ac/dc),  7.8;  amperes,  0.6;  warm¬ 
up  time,  11  seconds,  maximum  heater-cathode  volts, 
±200  peak,  100  average. 


330  330 

0  0 

330  330 

See  curve  page  96 
0  0 

3.1  3.1 

0.65  0.65 

See  curve  page  96 


Connected  to  cathode  at  socket 
£25  125  volts 

56  56  ohms 

0.2  0.2  megohm 

>00  13000  /tmhos 

11  11  mA 

3.5  3.8  mA 


0.25 

megohm 

GT|  PT, 

KT|,!S 

(V)  (j)  ^6>P 

(5 

■  [xfe )Ggp 

yfyi 

Pl2@U 
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Class  A,  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 


Each 

Pentode  Unit  Triode  Unit 

Plate  Voltage . . . . . . 

330 

330 

volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

330 

— 

volts 

Grid-No.2  Voltage  . . 

See  curve  page  1)6  — 

Grid-No. 1  (Control-Grid)  Voltage,  Positive-bias  value 

0 

0 

volts 

Plate  Dissipation  . . 

2.5 

l.B 

watts 

Grid-No.2  Input: 

Fox*  grid-No.2  voltages  up  to  165  volts  . . 

0.55 

— 

watt 

For  grid-No.2  voltages  between  165  and  330  volts 

See  curve  page  06  — 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

125 

125 

volts 

Grid-No.2  Voltage  . . . 

125 

— 

volts 

Grid-No.  1  Voltage  . . . . 

—1,0 

— 

volts 

Cathode-Bias  Resistor  . . 

— . . 

68 

ohms 

Amplification  Factor  . ,  .  •■ . . . . 

■  - - 

43 

Plate  Resistance  (Approx.)  . . 

200000 

50000 

ohms 

Transconductance  . . 

7500 

8600 

/tmhos 

Plate  Current  . . . . .  ,  .  .  . - 

12 

13.5 

raA 

Grid-No.2  Current  . . . ... 

4,0 

IVtA 

Grid  Voltage  (Approx.)  for  plate  current  of  100  fi A 

"  — 

— 8 

volts 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  30  p A  . . . . . . 

— 8 

* — 

volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . . 

0.5 

0.5 

megohm 

For  cathode-bias  operation  . . . 

1.0 

1.0 

megohm 

Refer  to  type  6FQ7/6CG7. 
Refer  to  type  6CM7. 

Refer  to  typ e  6CN7. 

Refer  to  type  6CS7. 

Refer  to  type  6CW5. 

Refer  to  type  6CX8. 

Refer  to  type  6EB8. 

Refer  to  type  6EM5* 

Refer  to  type  6ET7. 

Refer  to  chart  at  end  of  section. 
Refer  to  type  6FQ7/6CG7. 
Refer  to  type  6G J7. 

Refer  to  type  6GN8. 

Refer  to  type  6JV8. 

Refer  to  type  6K A8. 

Refer  to  type  6LC8. 

Refer  to  type  6LT8. 


8CG7 

8CM7 

8CN7 

8CS7 

8CW5 

8CX8 

8EB8 

8EM5 

8ET7 

8FQ7 

8FQ7/8CG7 
8G47 
8GNS 
8JV8 
8KA8 
8LC8 
8  ITS 


WIEDtUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


9A8 

9A8/ 

PCF80 


Miniature  types  used  as  combined  oscillator  and  mixer 
9AE  tubes  in  vhf  color  and  black-and-white  television  re¬ 

ceivers.  Outlines  section,  6B;  require  miniature  9-contact  socket.  Heater: 
volts  (ac/dc),  9;  amperes,  0.3;  maximum  heater-cathode  volts,  -flOO,  —200 
peak;  —120  average. 
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CSass  At  AmpSifier 

Triode  Unit 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Supply  Voltage  . I' . 

Plate  Voltage  . . . . 

Grid-No. 2  (Screen-Grid)  Voltage  . . 

Cathode  Current  . . . . . 

Plate  Dissipation  . . . . 

Grid-No. 2  Input  . 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid-No. 2  Voltage  . . 

Grid-No.  1  Voltage  . . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . . 

Plate  Current  . 

Grid-No. 2  Current  . 

MAXIMUM  CIRCUIT  VALUES 
Gi’td-No.l-Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . 

*  Grid  No.2  to  Grid  No.l. 

9AU7  Refer  to  type  12AU7A. 


ftD  it  t  BEAM  POWER  TUBE— 

¥oJi  I  SHARP-CUTOFF  PENTODE 

Duodecar  type  used  in  two-stage  video-if -amplifier  in 
television  receivers.  Pentode  unit  is  used  as  the  input 
stage  and  beam  power  unit  as  the  output  stage.  Out¬ 
lines  section,  8B;  requires  duodecar  12-contact  socket. 

Heater  Voltage  (ac/dc)  . . . . 

Heater  Current . . . 

Heater  Warm-up  Time  (Average)  . . * . 

Heater-Cathode  Voltage: 

Peak  value  . . * . 

Average  value . . . . . . . . . 

Direct  Interelectrode  Capacitances: 

Pentode  Unit: 

Grid  No.l  to  Cathode*  Heater,  Grid  No.2,  Grid  No.3,  Grid  No.3 
of  Beam  Power  Unit,  and  Internal  Shield  .  ......... ... ..... 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  Grid  No.3 

of  Beam  Power  Unit,  and  Internal  Shield  . . 

Beam  Power  Unit: 

Grid  No.l  to  Plate  . . . ..... - ............. ...  *  •  * . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  .  . . . . . . * - * 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . . . . 

Class  Amplifier 


Pentode  Unit 


550 

550 

volts 

250 

250 

volts 

_ 

175 

volts 

14 

14 

mA 

1.5 

1.7 

watt3 

— 

0.5 

watt 

100 

170 

volts 

— , 

170 

volts 

—2 

— 2 

volts 

20 

47* 

— 

0.4 

megohm 

5000 

6200 

jumhos 

14 

10 

mA 

2.8 

mA 

0.5 

0.5 

megohm 

0.5 

1 

megohm 

12FU 


9.6 

volts 

0.45 

ampere 

11 

seconds 

±200  max 

volts 

100  max 

volts 

0.008 

pF 

9.5 

pF 

3.4 

pF 

0.016 

pF 

8.5 

PF 

3.0 

PF 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Grid-No.3  (Suppressor-Grid)  Voltage: 

Positive-bias  value  .  . . . . . . 

Negative-bias  value  . . .  • . 

Grid-No. 2  (Screen-Grid)  Voltage  . . ;  *  * 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . . . 

Grid-No.  2  Input  . * . . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . 

Grid  No.3  . . . 

Grid-No. 2  Voltage . . . . . 

Grid-No.l  Resistor  . . . .  . . * 

Cathode-Bias  Resistor  . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . 

Plate  Current  . . . * . 

Grid-No.2  Input  . . . .  * . .  •  *  •  • 

Grid-No.l  Voltage  (Approx.)  for  plate  current 
of  20  fx A  . * . 


Pentode 

Unit 

160 


Beam 

Power  Unit 
160 


volts 


10 

0 

volts 

- — 50 

— 

volts 

160 

160 

volts 

0 

.0 

volts 

2.8 

2.2 

watts 

1.25 

0.55 

watts 

110 

125 

volts 

Connected  to  cathode  at  socket 

110 

125 

volts 

0.1 

— 

megohm 

120 

ohms 

40000 

40000 

ohms 

7500 

9600 

junhos 

5.8 

8.5 

mA 

6.8 

2.5 

mA 

—3 

—4.5 

volts 
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MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance . 
Grid-No.3~Circuit  Resistance  . 


0.1 

1.5 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  type  6EA8. 

Refer  to  type  6GV8. 


megohm 

megohm 


9BR7 

9CL8 

9EA8 

9GV8 


9KC6 


400  volts 

330  volts 

See  curve  page  96 


0 

-100 

0 

7.0 


volts 

volts 

volts 

watts 


SHARP-CUTOFF  PENTODE 

p  Miniature  type  used  as  chroma  bandpass  amplifier, 
color  demodulator,  or  video  amplifier  in  color  tele- 
vision  receivers.  Outlines  section,  6E;  requires  minia¬ 
ture  9-contact  socket.  Heater:  volts,  8.7;  amperes,  0.45; 
warm-up  time,  11  seconds;  maximum  heater-cathode 
9RF  voltage,  ±200  peak,  100  average. 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage . . . 

Grid-No.2  Voltage  . . . . . 

Grid-No.3  (Suppressor-Grid)  Voltage: 

Positive-bias  value  . . . 

Negative-bias  value  . . . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts . . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . . . 

Grid-No.2  Voltage . . . .' . 

Grid-No.l  Voltage  . . . 

Grid-No.3  Voltage  (referred  to  negative  end  of 

cathode)  . . 

Cathode-Bias  Resistor  . . . 

Plate  Current  ..  . . . . 

Grid-No.2  Current  . . . . 

Transconductance: 

Grid  No.l  to  plate  . . . . 

Grid  No.3  to  plate  . . . . 

Plate  Resistance  (Approx.)  . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  100  fiA  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance: 

For  fixed-bias  operation  . . . . 

For  cathode-bias  operation  . . . 

Grid-No.3-Circuit  Resistance  . . . . 


1.5  watts 

See  curve  page  96 


250 

250 

50 

volts 

150 

100  . 

100 

volts 

0 

—1.0 

0 

volts 

0 

■ — 25 

_ _ _ 

volts 

56 

0 

••v  "■  — 

ohms 

18 

1.0 

25 

mA 

9 

13.0 

25 

roA 

24000 

_  .  - 

_ 

timhos 

600 

— 

/imhos 

56000 

— 

ohms 

—4.1 

— 

volts 

0.25 

0.5 

1.0 


Megohm 

megohm 

megohm 


Refer  to  type  6KZ8. 

9KZ8 

Refer  to  type  6U8A. 

9U8A 

Refer  to  chart  at  end  of  section. 

10 

Refer  to  type  6AL11. 

10AL11 

Refer  to  chart  at  end  of  section. 

IOCS 

Refer  to  type  6CW5. 

10CW5 

Refer  to  type  6DE7. 

10DE7 

Refer  to  type  6DR7. 

10DR7 

Refer  to  type  6DX8. 

10DX8 

10DX8/LCL84 
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10EG7 


DUAL  TRIODE 


Glass  octal  type  used  as  combined  vertical-deflection 
oscillator  and  vertical-deflection  amplifier  in  tele¬ 
vision  receivers.  Outlines  section,  13B;  requires  octal 
socket.  Heater:  volts  (ac/dc),  9.7;  amperes,  0.6;  warm¬ 
up  time  (average),  11  seconds;  maximum  heater-cath¬ 
ode  volts,  ±200  peak,  100  average.  For  maximum  rat¬ 
ings  and  characteristics,  refer  to  type  6EW7. 


I  OEM/ 

Refer  to  type  6EM7. 

10GF7 

10GF7A 

Refer  to  type  6GF7A. 

10GK6 

Refer  to  type  6GK6. 

10GN8 

Refer  to  type  6GN8. 

10HF8 

Refer  to  type  6HF8, 

10JA8 

HIGH-MU  TRIODE— 
SHARP-CUTOFF  TETRODE  r>T 

Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  triode  unit  is  used  as 
a  sync  separator,  sync  clipper,  and  phase  inverter;  the 
tetrode  unit  is  used  as  a  video  amplifier.  Outlines  sec¬ 
tion,  6E;  requires  miniature  9-contact  socket. 

Heater  Voltage  (ac/dc)  . 

Heater  Current  . ■ . 

Heater  Warm-up  Time  . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . 

Direct  Interelectrode  Capacitances : 

Triode  Unit: 

Grid  to  Cathode,  Pentode  Cathode,  Heater,  Pentode  Grid  No. 3, 

and  Internal  Shield  . . . --••••  ■  •  *.  •  •  ■  i  ■  v 

Plate  to  Cathode,  Pentode  Cathode,  Heater,  Pentode  Grid  No.o, 

and  Internal  Shield  . 

Pentode  Unit : 

Grid  No.l  to  Plate  . 1 '  ‘  VV  «  ’ '  ‘  'j . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . . . , . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.S,  and 

Internal  Shield  . 

Grid  No.l  to  Triode  Plate  . . . . . 

Plate  to  Triode  Grid  . 

Plate  to  Triode  Plate  . . 


4.0 

2.6 

2.6 

0.1  max 
11 
4.4 

0.005  max 
0.018  max 
0.17  max 


Class  A,  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . .  •  •  . . . . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  ....  . . 

Grid-No. 2  Voltage  . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . 

Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 


CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . . 
Grid-No.l  Voltage  . . 
Amplification  Factor 
Plate  Resistance 
T  ranscon  du  ctance 


Triode  Unit 
300 


96 


Tetrode  Unit 

330 
330 

See  curve  page 
0 
5 

1.5 

See  curve  page  96 


volts 

volts 


pF 

pF 

pF 

pF 

PF 

PF 

PF 

pF 

pF 


volts 

volts 


volts 

watts 


Triode  Unit 

Tetrode  Unit 

135 

200 

80 

135 

200 

135 

135 

135 

—2 

— 2 

0 

—1.6 

—1.5 

60 

70 

— 

— 

— 

23000 

17000 

— 

6600 

7000 

2600 

4000 

— 

12600 

14000 

volts 

volts 

volts 

ohms 

jiinhos 
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Plate  Current  . . .  2  4  32*  l? 

Grid-No.2  Current  . . . .  —  —  14*  4.2  4  m A 

Grid-No.l  Voltage  (Approx.)  '  o  H 

for  plate  current  of  XO  jjlA  —4.8  —7  ■■■*”"  ®  5  voi  s 

MAXIMUM  CIRCUIT  VALUES  m  A 

Grid-No.l-Circuit  Resistance;  Triode  Unit  Tetrode  Unit 

For  fixed-bias  operation  . . . .  0*5  megohm 

For  cathode-bias  operation  . . . .  -1  1  megohm 

*  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


megohm 

megohm 


Refer  to  type  6JT8. 


10JTB 


MEDiUM-MU  TRIODE —  ivo 

SHARP  CUTOFF  PENTODE  IU4  I  O 

h  (s)  G3p.kp  Miniature  type  used  in  television  receiver  applications. 

,s  The  pentode  unit  is  used  as  a  video  amplifier,  and  the 
PTrtJf/  -qV^Gip  triode  unit  as  a  sync  separator.  Oiitlines  section,  6E ; 
Wifi: requires  miniature  9-contact  socket.  Heater:  volts 
(ac/dc),  10.5;  amperes,  0.45;  warm-up  time  (average), 
GT  2P  11  seconds;  maximum  heater-cathode  volts,  ±200  peak, 

Kf^  100  average  ( — 300  peak,  — 200  average  for  triode 

9DX  unit). 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Triode  Unit  Pentode  Unit 

Plate  Voltage  . 330  330  volts 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  .  .  .  . .  —  330  volts 

Grid-No.2  Voltage  . ~~  See  curve  page  96 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  0  0  volts 

Plate  Dissipation  ; . 2  6  watts 

Grid-No.2  Input; 

For  grid-No.2  voltages  up  to  165  volts  .  ™  1*1  watts 

For  grid-No.2  voltages  between  165  arid  330  volts  —  See  curve  page  96 

CHARACTERISTICS 

Plate  Voltage  . 125  50  200  volts 

Grid-No.2  Voltage  . .  —  150  150  volts 

Grid-No.l  Voltage  . . .  ~~  0  —  wits 

Cathode-Bias  Resistor  .  08  100  ohms 

Amplification  Factor  . ; . .  46  *  7~“  , 

Plate  Resistance  (Approx.)  .  4400  5o000  ohms 

Transconductance  . .  10400  “  H000  /imhos 

Plate  Current  .  15  JO*  24  mA 

Grid-No.2  Current  . —  13*  4.8  mA 

Grid  Voltage  (Approx.)  for  plate  current  of  10  (xA  —8  10  volts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance ;  „  ^  _  , 

For  fixed-bias  operation  .  0.5  0.2o  megohm 

For  cathode-bias  operation  . 1  1  megohm 

■  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


330 

330 

volts 

— 

330 

See  curve  page  96 

voits 

0 

0 

volts 

2 

5 

watts 

— 

1.1 

See  curve  page  96 

watts 

125 

50  200 

volts 

_ 

150  150 

volts 

_ 

o  ~~ 

volts 

68 

46 

— .  100 

ohms 

4400 

—  55000 

ohms 

10400 

—  11000 

jumbos 

15 

60*  24 

mA 

_ 

18*  4.8 

mA 

—8 

—  —10 

volts 

0.5 

0.25 

megohm 

1 

1 

megohm 

Refer  to  type  6KR8. 
Refer  to  type  6KU8. 
Refer  to  type  6LE8. 


10KR8 

10KU8 

IDLES 


H 


9DX 


HIGH-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


10LW8 


Miniature  type  used  in  television  receivers  applica¬ 
tions.  The  pentode  unit  is  used  as  a  video  amplifier, 
and  the  triode  unit  for  general-purpose  use.  Outlines 
section,  6E ;  requires  miniature  9-contact  socket. 
Heater:  volts  (ac/dc),  10.5;  amperes,  0.45;  average 
warm-up  time,  11  seconds;  maximum  heater-cathode 
volts,  ±200  peak,  100  average. 
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Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid-No. 2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts . 

For  grid-No.2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid-No.2  Supply  Voltage  . 

Grid-No.l  Voltage  . 

Cathode-Bias  Resistor  . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . . .  . . . 

Transconductance  . . . . . . . .  • 

Plate  Current  . . . 

Grid-No.2  Current  . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  30  fiA 
Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  100  fiA  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . 


Triode  Unit  Pentode  Unit 


330 

330 

volts 

— 

330 

volts 

See  curve  page  96 

0 

0 

volts 

1.5 

4.0 

watts 

_ 

1.5 

watts 

See  curve  page  96 

200 

35  200 

volts 

_ 

TOO  100 

volts 

— 2.0 

0  — 

volts 

—  82 

ohms 

75 

—  — 

18700 

—  60000 

ohms 

4000 

—  19000 

/imhos 

2.6 

48  16.5 

mA 

_ 

12.5  2.8 

mA 

—4 

volts 

_ 

—  —5.5 

volts 

0.5 

0.5 

megohm 

1.0 

1.0 

megohm 

ina  to  HIGH-MU  TRIODE— 

1ULZ8  SHARP-CUTOFF  PENTODE 

Miniature  type  used  in  television  receiver  applications. 
The  pentode  unit  is  used  as  a  video  amplifier,  and  the 
triode  unit  for  general-purpose  use.  Outlines  section, 
6E;  requires  miniature  9-contact  socket.  Heater:  volts 
(ac/dc),  10.5;  amperes,  0.45;  warm-up  time,  11  seconds; 
maximum  heater-cathode  volts,  ±200  peak,  100 
average. 


Class  A)  Amplifier 

MAXIMUM  RATINGS  (Design -Maxi mum  Values) 


Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage . 

Grid-No.l  (Control-Grid)  Voltage, 

Positive-bias  value  . 

Plate  Dissipation  . . 

Grid-No.2  Input  . . . . . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . 

Grid-No.2  Supply  Voltage  . . 

Grid-No.l  Voltage  . . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . . 

Grid-No.2  Current  . . 

Grid  Voltage  (Approx.)  for  plate 

current  of  10  fiA  . . . . 

Grid-No.l  Voltage  (Approx.)  for  plate 

current  of  500  ft  A  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


Triode 


•  Unit 

Pentode  Unit 

300 

225 

“ 

160 

0 

0 

1.0 

4.5 

—  ■' 

2.0 

250 

30 

30 

200 

_ 

140 

140 

140 

—2.0 

0 

—1.0 

—2.0 

110 

— 

— 

— 

52000 

— 

— 

150000 

2100 

— 

11000 

9500 

1.1 

30 

16 

12 

— 

13.5 

9.5 

2.5 

—3.6 

— 

;  .  “ 

— 

_ 

— 

— 4 

—4.2 

0.5 

0.5 

1.0 

1.0 

volts 

volts 

volts 

watts 

watts 


volts 

volts 

volts 

ohms 
fimhoa 
mA 
m  A 

volts 

volts 


megohm 

megohm 


n 

Refer  to  chart  at  end  of  section. 

11AR11 

Refer  to  type  6AR11. 

I1BQ11 

Refer  to  type  8BQ11. 

11CY  7 

Refer  to  type  6CY7. 
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H 


SHARP-CUTOFF  PENTODE  1 1  HM7 

Miniature  type  used  as  video  output  amplifier  in  color 
television  receivers.  Outlines  section,  6E;  requires 
miniature  9-contact  socket. 


Heater  Arrangement  ...... . . * 

Heater  Voltage  (ac/dc)  . . . - . 

Heater  Current  . . . 

Heater-Cathode  Voltage : 

Peak  value . . . .  . . « . .  •  •  ■ 

Average  value  . .  . . 

Direct  In  ter  electrode  Capacitances ; 

Grid  No.l  to  Plate  . . . . . . .  •  •  V/  " 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 
and  Internal  Shield  . . . . 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . . .  . .  . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . . . . . . . . . . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts . 

For  grid-No.2  voltages  between  165  and  330  volts  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . >  ••••*• 

Grid-No.3  Voltage  . .  •  . . 

Grid-No.2  Voltage  . . .... . . 

Cathode-Bias  Resistor  . . . . . . . . 

Plate  Resistance  (Approx.)  . . . . 

Transconductance  . . . . . . . 

Plate  Current  . . . . . . . 

Grid-No.2  Current  . . . . . 

Grid-No. 1  Voltage  (Approx.) .  for  plate  current  of  100  /iA  . 
MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance : 

For  fixed-bias  operation  . . . . . . . . . 

For  cathode-bias  operation  . . . 


Parallel 

5.50 

0.6 

volts 

ampere 

±200  max 
100  max 

volts 

volts 

0.15  max 

}>F 

14 

PF 

5 

pF 

330 

volts 

330 

volts 

See  curve  page  96 

0 

volts 

7 

watts 

1 

watt 

See  curve  page  96 

200 

volts 

0 

volts 

135 

volts 

47 

ohms 

40000 

ohms 

30000 

/tmhos 

30 

mA 

5.2 

mA 

—4.5 

volts 

0.1 

megohm 

0.25 

megohm 

1IJE8 

UKV8 


PLATE  VOLTS  _  -  .  . 

,  92CS-J3833T 

Refer  to  type  6JE8. 


Refer  to  type  6KV8. 
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11  LOS 


MEDIUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


Miniature  type  with  frame-grid  pentode  used  in  black- 
and-white  television  receivers.  The  triode  unit  is  used 
in  general-purpose  voltage-amplifier  circuits.  The  pen¬ 
tode  unit  is  used  in  video-output  circuits.  Outlines 
section,  6E;  requires  miniature  9-contact  socket. 


H 


SOX 


Heater  Voltage  (ac/dc)  . .  10.9  volts 

Heater  Current  . 0.45  ampere 

Heater  Warm-up  Time  (Average)  . 11  seconds 

Heater-Cathode  Voltage : 

Peak  value  .  ±200  max  volts 

Average  value  . . 100  max  volts 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Triode  Unit: 

Grid  to  Plate  . 2.B  pF 

Grid  to  Triode  Cathode,  Pentode  Cathode,  Heater,  Pentode 

Grid  No. 3,  and  Internal  Shield  .  4.2  pF 

Plate  to  Triode  Cathode,  Pentode  Cathode,  Heater,  Pentode 

Grid  No.3,  and  Internal  Shield  . 2.4  pF 

Pentode  Unit: 

Grid  No.l  to  Plate  . 0.12  max  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . 14  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  .  4.8  pF 

Triode  Grid  to  Pentode  Plate  . . 0.015  max  pF 

Pentode  Plate  to  Triode  Plate  .  0.17  max  pF 


Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  7 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  .  . 

Grid-No. 1  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 


MAXIMUM  C8RCUJT  VALUES 

Plate  Supply  Voltage  . . 

Grid-No.2  Supply  Voltage  . . 

Cathode-Bias  Resistor  . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . . 

Plate  Current  . . . 

Grid-No.2  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current 
of  100  fiA  . . . . . 


Triode  Unit 

Pentode  Unit 

300 

300 

volts 

. _ 

300 

volts 

—  See  curve  page  96 

lue 

0 

0 

volts 

2 

5 

watts 

_ _ • 

1 

watt 

»lts 

—  See  curve  page  96 

Triode  Unit  Pentode  Unit 

125 

125 

200 

volts 

. _ 

125 

125 

volts 

68 

82 

68 

ohms 

46 

— 

— 

4400 

55000 

75000 

ohms 

10400 

21000 

23000 

//mhos 

15 

16.5 

20 

mA 

3.1 

3.5 

mA 

—6 

—4.2 

—4.2 

volts 
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CHARACTERISTICS 

Grid-No.l-Circuit  Resistance : 
For  fixed-bias  operation  .  .  . 
For  cathode-bias  operation 


Triode  Unit  Pentode  Unit 


0.5 

1 


Refer  to  type  6Y9. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


o.x 

0.25 


megohm 

megohm 


1 1Y9 
12 

12A5 

12A7 

12A8GT 


12AB5 


9EU 


BEAM  POWER  TUBE 

Miniature  type  used  in  the  output  stage  of  automobile 
radio  receivers  operating  from  a  12-volt  storage  bat¬ 
tery.  Outlines  section,  6E;  requires  miniature  9-contact 
socket. 


Heater- Voltage  Range  (ac/dc)»  . 

Heater  Current  (Approx.)  at  12.6  volts 
Peak  Heater-Cathode  Voltage  . 


Direct  Interelectrode  Capacitances: 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3  .... 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 . 

*  For  longest  life,  it  is  recommended  that  the  heater  be  operated 
of  11  to  14  volts. 

Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . . . . . 

Grid-No. 2  ^Screen-Grid)  Voltage  . —  . 

Plate  XHs^ation  . . . . 

Grid-Ngpf  Input  . . . . . . 

Bulb  Temperature  (At  hottest  point)  . . 

TYPICAL  OPERATION  WITH  12.6  VOLTS  ON  HEATER 

Plate  Supply  Voltage  . . . . . 

Grid-No. 2  Supply  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage 

Cathode- Bias  Resistor  . . . . . 

Peak  AF  Grid-No.l  Voltage  . . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  . 

Plate  Resistance  (Approx.)  . . 

Trans  conductance  . .  . 

Load  Resistance  . . . .  v.. 

Total  Harmonic  Distortion  . ■ . . K'i 

Maximum-Signal  Power  Output  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance:  , 

For  fixed-bias  operation  . . . . 

For  cathode-bias  operation  . . . 


10.0  to  15.9 

0.2 

dr 90  max 


8.5 


volts 

ampere 

volts 

PF 

pF 

pF 


within  the  voltage  range 


250 

200 

270 

10.5 

33.5 
36 
1.6 

75000 

4000 

6000 

8 

3.3 


33  5 
285 
12 
2 

250 

250 
250 
- — 12,5 

12.5 

45 

47 

4.5 

7 

50000 

4100 

5000 

8 
4.5 


0.1 

0.5 


volts 
volts 
watts  . 
watts 
°C 

volts 
volts 
volts 
ohms 
volts 
mA 
mA  • 
mA 
mA 
ohms 
fimhos 
ohms 
per  cent 
watts 


megohm 

megohm 


Push-Pull  Class  AB,  Amplifier 

MAXIMUM  RATINGS  (Same  as  for  Single-Tube  Class  Ai  Amplifier) 

TYPICAL  OPERATION  WiTH  12.6  VOLTS  ON  HEATER  (Values  are  for  two  tubes) 

Plate  Voltage  . . . . .  .... 

Grid-No.2  Voltage  . . . . . . . 

Grid-No.l  Voltage  . . , . . . . 

Peak  AF  Grid-No.  1-to-Grid-No.l  Voltage  . . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . . . 

Zero-Signal  Grid-No.2  Current  . . . 

Maximum-Signal  Grid-No.2  Current  . 

Effective  Load  Resistance  ( Plate- to-Plate)  . . 

Total  Harmonic  Distortion  . . . . 

Maximum-Signal  Power  Output  . . . 


250 

volts 

250 

volts 

— 15 

volts 

30 

volts 

70 

mA 

79 

mA 

5 

mA 

13 

mA 

10000 

ohms 

5 

per  cent 

10 

xvatts 
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MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance : 
For  fixed-bias  operation  .. 
For  cathode-bias  operation 


0.1 

0.5 


megohm 

megohm 


PLATE  VOLTS  92CS-8754T 


12AC6 

Refer  to  chart  at  end  of  section. 

12AD6 

Refer  to  chart  at  end  of  section. 

12AE6 

12AE6A 

Refer  to  chart  at  end  of  section. 

12AE7 

Refer  to  chart  at  end  of  section. 

12AF3 

Refer  to  type  6AF3. 

12AF6 

Refer  to  chart  at  end  of  section. 

12AH7GT 

Refer  to  chart  at  end  of  section. 

12AJ6 

Refer  to  chart  at  end  of  section. 

12AL5 

Refer  to  type  6AL5. 

12AL8 

Refer  to  chart  at  end  of  section. 

12  All  1 

Refer  to  type  6AL11. 

12AQ5 

Refer  to  type  6AQ5A, 

12AT6 

Refer  to  type  6AT6. 

12AT7 

HT2©- 

12AT7/ 

HIGH-MU  TWIN  TRIODE  *T2(Mf 

ECC81 

rNp-tY 


Miniature  types  used  as  push-pull  cathode-drive  ampli-  PT2 
fiers  or  frequency  converters  in  the  FM  and  television  9A 

broadcast  bands.  Outlines  section,  6B;  require  miniature  9-contact  socket. 
Each  triode  unit  is  independent  of  the  other  except  for  the  common  heater. 
For  typical  operation  as  a  resistance-coupled  amplifier,  refer  to  Resistance- 
Coupled  Amplifier  section. 

Series  Parallel 

12.6  6.3  volts 

. 0.15  0.3 


Heater  Arrangement : 

Heater  Voltage  (ac/dc) 

Heater  Current  . 

Peak  Heater-Cathode  Voltage 


:±:90  max 


ampere 

volts 
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Direct  Interelectrode  Capacitances : 

Grid-Drive  Operation ; 

Grid  to  Plate  (Each  unit)  . . 

Grid  to  Cathode  and  Heater  (Each  unit)  . . 

Plate  to  Cathode  and  Heater: 

Unit  No.l  . . . . . -  ■ 

Unit  No.2  . . . * . 

Cathode-Drive  Operation: 

Cathode  to  Plate  (Each  unit)  . . . 

Cathode  to  Grid  and  Heater  (Each  unit)  . .  . . 

Plate  to  Grid  and  Heater  (Each  unit)  . 

Heater  to  Cathode  (Each  Unit)  . . . 

Class  Ai  Amplifier  (Each  Unit) 


1.5 

2.2 

0.5 

0.4 

0.2 

4.6 
1.8 
2.4 


pF 

pF 

pF 

pF 


Plate  Voltage  . . 

Grid  Voltage,  Negative-bias  value  . 

Plate  Dissipation  . . . . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Cathode-Bias  Resistor  . . . .  ...... 

Amplification  Factor  .  . . . . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . 7 . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  fiA 
Plate  Current  . . . 


300 

volts 

—50 

volts 

2.5 

watts 

100 

250 

volts 

270 

200 

ohms 

60 

60 

15000 

10900 

ohms 

4000 

;  5500 

/iKflhoS 

—5 

—12 

volts 

3.7 

10 

mA 

PLATE  VOLTS  92CS-7056T 


Kefer  to  type  6AU6A. 


12AU6 


Refer  to  chart  at  end  of  section. 


I2AU7 


12AU7A 

12AU7A/ 

ECC82 

MEDIUM-MU  TWIN  TRIODE  TAW,  9AV7 

Miniature  types  used  as  phase  inverters  or  push-pull 
amplifiers  in  ac/dc  radio  equipment  and  as  multivi¬ 


brators  or  oscillators  in  industrial  control  devices.  Also  used  as  combined 


vertical  oscillators  and  vertical-deflection  amplifiers,  and  as  horizontal- 
deflection  oscillators,  in  color  and  black-and-white  television  receivers. 
Outlines  section,  6B;  require  miniature  9-contact  socket.  Each  triode  unit  is 
independent  of  the  other  except  for  the  common  heater.  For  typical  opera¬ 
tion  as  a  resistance-coupled  amplifier,  refer  to  Resistance-Coupled  Amplifier 
section.  Types  7AU7  and  9AU7  are  identical  with  type  12AU7  and  12A.U7A./ 
ECC82  except  for  heater  ratings. 
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Heater  Voltage  (ac/dc)  t 

Series  .... ...........  * . . 

Parallel  . ...  ....  ; . . . . 

Heater  Current : 

Series  . . 

Parallel  . . 

Heater  Warm-up  Time  (Parallel,  Average)  .. 
Heater-Cathode  Voltage : 

.  Peak  value  . . . 

Average  value  . . . . .  . . 

Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  to  Plate  . . .  . . . . 

Grid  to  Cathode  and  Heater  .  . . 

Plate  to  Cathode  and  Heater  . 


7AU7 

9AU7 

12AU7A 

I2AU7A/ 

ECC82 

7 

9.4 

12.6 

volts 

3.5 

4.7 

6.3 

volts 

0.3 

0.225 

0.15 

ampere 

0.6 

0.45 

0.3 

ampere 

11 

ii 

■ 

seconds 

±200  max  ±200  max  ±200  max 
100  max  100  max  100  max 
Unit  No.l  Unit  No.2 


1.5 

1.6 
0.5 


1.5 

1.6 
0.35 


330 

22 


2.75 

5.5 


Class  At  Amplifier  (Each  Unit  Unless  Otherwise  Specified) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . 

Cathode  Current  . . 

Plate  Dissipation : 

Each  Plate  . . . 

Both  Plates  (Both  units  operating)  . .  . . 

CHARACTERISTICS 

Plate  Voltage  . .  . . . 

Grid  Voltage  . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . 

Plate  Current  . . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  /iA 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . 

Oscillator  (Each  Unit  Unless 

For  operation  in  a  525 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . .  .......... 

Peak  Negative-Pulse  Grid  Voltage  . . 

Peak  Cathode  Current  . . . . . 

Average  Cathode  Current  . . 

Plate  Dissipation : 

Each  Plate  . . 

Both  Plates  (Both  units  operating)  . 

MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance  . . 


volts 

volts 

pF 

pP 

pF 


volts 

mA 


watts 

watts 


100 

250 

volts 

0 

—8.5 

volts 

19.5 

17 

6250 

7700 

ohms 

3100 

2200 

/imhos 

ll.8 

10.5 

mA 

A  — 

—24 

volts 

0.25 

megohm 

1.0 

megohm 

Otherwise  Specified) 

30-frame  system 

Vertical- 

Horizontal- 

Deflection 

Deflection 

Oscillator 

Oscillator 

330 

330 

volts 

— 440 

—660 

volts 

66 

330 

mA 

22 

22 

mA 

2.75 

2.75 

watts 

5.5 

5.5 

watts 

2.2 

2.2 

megohms 

Vertical-Deflection  Amplifier  (Each  Unit  Unless  Otherwise  Specified) 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Voltage  . . . . -  330  1 


Technical  Data 


Peak  Positive-Pulse  Plate  Voltage#  . . . 

Peak  Negative-Pulse  Grid  Voltage  . 

Peak  Cathode  Current  . . . 

Average  Cathode  Current  . 

Plate  Dissipation : 

Each  Plate  . . . . 

Both  Plates  (Both  units  operating)  . 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  cathode-bias  operation 


389 

1200 

volts 

—275 

volts 

66 

mA 

22 

mA 

2.75 

watts 

5.5 

watts 

2.2 

megohms 

#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 


Refer  to  type  6AV5GA. 
Refer  to  type  6AV6. 

Refer  to  chart  at  end  of  section. 


12AV5GA 

12AV6 

12AV7 


SHARP-CUTOFF  PENTODE  12AW6 

Miniature  type  used  as  an  rf  or  if  amplifier  up  to  400 
MHz  in  compact  ac/dc  FM  receivers.  Outlines  section, 
5C;  requires  miniature  7-contaet  socket.  Heater:  volts 
(ac/dc),  12.6;  amperes,  0.15.  Except  for  heater  rat¬ 
ings  and  terminal  connections,  this  type  is  identical 
with  miniature  type  6AG5. 


Refer  to  type  6AX3. 


12AX3 


Refer  to  chart  at  end  of  section. 


12AX4GT 

12AX4GTA 


Refer  to  type  6AX4GTB. 


12AX4GTB 


Refer  to  chart  at  end  of  section. 


I2AX7 


HIGH-MU  TWIN  TRIODE 


12AX7A 

12AX7A/ 

ECC83 


Miniature  types  used  as  phase  inverters  or  twin  re- 
9A  sistance-coupled  amplifiers  in  radio  equipment.  Outlines 

section,  6B;  require  miniature  9-contact  socket.  Each  triode  unit  is  inde¬ 
pendent  of  the  other  except  for  common  heater.  For  characteristics  and 
curves,  refer  to  type  6AV6.  For  typical  operation  as  a  resistance-coupled 
amplifier,  refer  to  Resistance- Coupled  Amplifier  section. 


Heater  Arrangement :  Series 

Heater  Voltage  (ac/dc)  .  12.6 

Heater  Current  . 0.15 

Heater-Cathode- Voltage : 

Peak  value  . . . . 

Average  value  . 

Direct  Interelectrode  Capacitances  (Approx.)  :  Unit  No.l 

Grid  to  Plate  . . .  1.7 

Grid  to  Cathode  and  Heater  .  1.6 

Plate  to  Cathode  and  Heater  .  0.46 


Class  A*  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid  Voltage: 

Negative-bias  value  . . . 

Positive-bias  value  . 

Plate  Dissipation  . . 


Parallel 

6.3 

0.3 

±200  max 
100  max 
Unit  No. 2 
1.7 
1.6 
0.34 


330 

—56 

0 

1.2 


volts 

ampere 

volts 

volts 


pF 

pF 

pF 


volts 

volts 

volts 

watts 
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E01U I  VALENT-NOISE  AND  HUM  VOLTAGE  (References  To  Grid,  Each  Unit)* 

Average  Value  . . .  1.8 


fiV  rms 


•  Measured  in  “true  rms”  units  under  the  following  conditions :  Heater  voltage  (parallel 
connection),  6.3  volts  ac ;  center  tap  of  heater  transformer  grounded;  plate  supply  voltage, 
250  volts  dc ;  plate  load  resistor,  100000  ohms ;  cathode  resistor,  2700  ohms  bypassed  by 
lOO-^F  capacitor;  grid  resistor,  0  ohms;  and  amplifier  covering  frequency  range  between 
25  and  10000  Hz. 


12AY3 

12AY3A 


Refer  to  type  6AY3B. 


12AY7  MEDIUM-MU  TWIN  TRIODE 

Miniature  type  used  in  the  first  stages  of  high-gain 
audio-frequency  amplifiers.  Outlines  section,  6B;  re¬ 
quires  miniature  9-contact  socket.  Each  triode  unit  is 
independent  of  the  other  except  for  the  common  heater. 

Use  of  the  12.6-volt  connection  with  an  ac  heater  sup¬ 
ply  is  not  recommended  for  applications  involving  low 
hum.  For  typical  operation  as  a  resistance-coupled  am¬ 
plifier,  refer  to  Resistance-Coupled  Amplifier  section. 

Heater  Arrangement:  Series 

Heater  Voltage  (ac/dc)  . 12.6 

Heater  Current  . 0.15 

Peak  Heater-Cathode  Voltage  . . . . . : . 

Direct  Interelectrode  Capacitances  (Approx.,  Each  Unit) 

Grid  to  Plate  . . . . . . 

Grid  to  Cathode  and  Heater  . . . .  .  .  .  . . 

Plate  to  Cathode  and  Heater  . . 

Class  Ax  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  .  .  .  . . . . . •  *  * 

Grid  Voltage : 

Negative-bias  value  . 

Positive-bias  value  . . . 

Cathode  Current  . 

Plate  Dissipation  . . . • . . 

CHARACTERISTICS 

Plate  Voltage  .  . . . . . 

Grid  Voltage  ............ .... ........  .... . .  ■ .  ■  •  ■  .  r - 

Amplification  Factor  . . . . . . 

Plate  Resistance  . 

Transconduetance  . . . . 

Plate  Current  . . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  10  mA  . 

12AZ7  Refer  to  chart  at  end  of  section. 


ht, 


6.3 
0.3 

±90  max 

1.3 
1.3 
0.6 


300 

— 50 

0 

10 

1.5 

250 
— 4 
40 

22800 

1750 

3 

—11 


volts 

ampere 

volts 

pF 

PF 

pF 


volts 

volts 

volts 

mA 

watts 


volts 

volts 

ohms 

jimhos 

mA 

volts 


12AZ7A  MEDIUM-MU  TWIN  TRIODE 


Miniature  type  used  in  direct-coupled  cathode-drive  rf 
amplifier  circuits  of  vhf  color  and  black-and-white  tele¬ 
vision  tuners.  Outlines  section,  6B;  requires  miniature 
9-contact  socket.  For  characteristics  as  class  Ai  am¬ 
plifier,  refer  to  miniature  type  12AT7. 

Heater  Voltage  (ac/dc)  : 

Series  . * . 

Parallel  . 

Heater  Current: 

Series  . . . 

Parallel  .  . . - . 

Heater  Warm-up  Time  (Average)  . . ■  ■  - . 

Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value  . . . 


HA 

Ht2Q 

A 

KT2(3)f 

=u  J. 

gtJ2a|| 

'"Vfv 

i 

PT2 

9A 

12.6 

6.3 

volts 

volts 

0.225 

0.45 

11 

ampere 

ampere 

seconds 

±200  max 

100  max 

volts 

volts 

Technical  Data 
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Direct  Intereleetrode  Capacitance  (Approx.) : 

Grid  to  Plate  (Each  unit)  . 

Grid  to  Cathode  and  Heater  (Each  unit)  . 
Plate  to  Cathode  and  Heater : 

Unit  No.l  . . . . 

Unit  No.2  . . . . . . 


Unshielded 

Shielded* 

2 

1.9 

pF 

2.6 

2.8 

pF 

0.44 

1.4 

pF 

.  0.36 

1.6 

pF 

*  With  external  shield  connected  to  cathode  of  unit  under  test. 


Class  A,  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 330  volts 

Grid  Voltage,  Negative-bias  value  . . —55  volts 

Plate  Dissipation  . 2.5  watts 

MAXIMUM  CIRCUIT  VALUES  (Each  Unit) 

Grid-Circuit  Resistance : 

For  fixed-bias  operation  .  .  . . 0.25  megohm 

For  cathode-bias  operation  . 1  megohm 


H 


9AG 


LOW-MU  TRIODE  12B4A 


Miniature  type  used  as  vertical-deflection  amplifier  in 
television  receivers.  Outlines  section,  6E;  requires 
miniature  9-contact  socket. 


Series  Parallel 

Heater  Voltage  . .  12.6  6.3  volts 

Heater  Current  .  0.3  0.6  ampere 

Heater  Warm-up  Time  . —  11  seconds 

Heater-Cathode  Voltage: 

Peak  value  .  .  . . . . . .  ±:200  max  volts 

Average  value  .  100  max  volts 

Direct  Interelectrode  Capacitances : 

Grid  to  Plate  .  . 4.8  pF 

Grid  to  Cathode  and  Heater  . 5  pF 

Plate  to  Cathode  and  Heater  . 1.5  pF 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  .  . . . ". . . . . . . . .  550  volts 

Grid  Voltage,  Negative-bias  value  . . —50  volts 

Plate  Dissipation  . 5.5  watts 

CHARACTERISTICS 

Plate  Voltage  . . . ....  150  volts 

Grid  Voltage  .  —17.5  volts 

Amplification  Factor  . . . . .  6.5 

Plate  Resistance  (Approx.)  . 1030  ohms 

Transconductance  . 6300  ^timhos 

Plate  Current  . . . .  . . 34  mA. 

Plate  Current  for  grid  voltage  of  — 23  volts  . . 9.6  mA 

Grid  Voltage  (Approx.)  for  plate  current  of  200  ^A  . .  — 32  volts 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance: 

For  fixed-bias  operation  .  .  .  . . 0.47  megohm 

For  cathode-bias  operation  . 2.2  megohms 

Vertical-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . .  .  - - . .  . . . .  .  .  .  550  volts 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  Maximum)  _ _ _  lOOOf  volts 

Peak  Negative-Pulse  Grid  Voltage  . —250  volts 

Peak  Cathode  Current  . 105  mA 

Average  Cathode  Current  . 30  mA 

Plate  Dissipation  . . 6.5  watts 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance,  for  cathode-bias  operation  . 2.2  megohms 


#  Pulse  duration  must  not  exceed  16<^  of  a  vertical  scanning  cycle  (2,5  milliseconds), 
t  Under  uo  circumstances  should  #us  absolute  yal%e  Jbe  exceed^ 
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12B8GT 

12BA6 

12BA7 

12BD6 

12BE3 

12BE6 

12BF6 

12BF11 

12BH7 

I2BH7A 


Refer  to  chart 
Refer  to 
Refer  to  chart 
Refer  to  chart 
Refer  to 
Refer  to 
Refer  to  chart 
Refer  to 
Refer  to  chart 


at  end  of  section, 
type  6BA6. 
at  end  of  section, 
at  end  of  section, 
type  6BE3. 
type  6BE6. 
at  end  of  section, 
type  6BF11. 
at  end  of  section. 


12BH7A  MEDIUM-MU  TWIN  TRIODE 

Miniature  type  used  as  combined  vertical-deflection 
amplifier  and  vertical  oscillator,  and  as  horizontal-de¬ 
flection  oscillator,  in  television  receivers,  _  and  in 
phase-inverter  and  multivibrator  circuits.  Outlines  sec¬ 
tion,  6E;  requires  miniature  9-eontaet  socket.  Each 
triode  unit  is  independent  of  the  other  except  for  the 
common  heater. 

Heater  Arrangement: 

Heater  Voltage  (ac/dc)  . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . - . 

Heater-Cathode  Voltage : 

Peak,  value  . 

Average  value  .  .  .  . .  *  *V  isf  '  i 

Direct  Interelectrode  Capacitances  (Approx.):  umtwo.i 

Grid  to  Plate  . . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  . 

Ciass  A,  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . . 

Grid  Voltage : 

Negative-bias  value  . . 

Positive-bias  value  . 

Cathode  Current . . . * . 

Plate  Dissipation : 

Each  Plate  . 

Both  plates  (Both  units  operating)  . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  Voltage  . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  .  .  .  . . 

Transconductance  .  . . . 

Plate  Current  . . 

Plate  Current  for  grid  voltage  of  — 14  volts  . . . . . . 

Grid  Voltage  (Approx.)  for  plate  current  of  50  p A  .  .  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-Circuit  Resistance : 

For  fixed-bias  operation  . * . 

For  cathode-bias  operation  . 


HT| 

gfT‘ 

KT2(3^T^ 

SVrf1 

/yWKTi 

(ij - * 

'Tg) 

PT2 

Mhm, 

Parallel 

6.3 

0.6 

11 

±200  max 
100  max 
Unit  No.2 
2.6 
3.2 
0.4 


Oscillator  (Each  Unit) 

For  operation  in  a  525-Iinc,  30-frame  system 

Vertical- 


megohm 

megohm 


Horizontal- 

Deflection 


MAXIMUM  RATINGS  (Design-Center  Values) 

Oscillator 

450 

Oscillator 

450 

volts 

Peak  Negative-Pulse  Grid  Voltage  . 

—400 

to 

— -600 

300 

volts 

mA 

4  G o  1  Vi rl  a  Ull  < 

*c* . 

20 

20 

mA 

Plate  Dissipation : 

"1?  n  />Vv  T>  1  n  4*n  .  .  .  *  a  4  a  s  ■ 

3.5 

3.5 

watts 

*  Both  Plates  (Both  units  operating)  ... - 

7 

watts 
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MAXIMUM  CIRCUIT  VALUES 

Grid-Circuit  Resistance  . .  2.2  2.2  megohms 

Vertical-Deflection  Amplifier  (Each  Unit} 

For  operation  in  a  525-line,  30-frame  system 

MAXIMUM  RATINGS  (Design-Center  Values) 

DC  Plate  Voltage  . .  .  . . . .  450  volts 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  maximum)  .  1500*  volts 

Peak  Negative-Pulse  Grid  Voltage  .  -—250  volts 

Peak  Cathode  Current  . 70  mA 

Average  Cathode  Current  . 20  mA 

Plate  Dissipation : 

Each  Plate  . 3.5  watts 

Both  Plates  (Both  units  operating)  .  7  watts 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  for  cathode-bias  operation  .  2.2  megohms 


#  Pulse  duration  must  not  exceed  15%  of  a  vertical  scanning  cycle  (2.5  milliseconds). 

*  Under  no  circumstances  should  this  absolute  value  be  exceeded. 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  type  6BN6. 

Refer  to  type  6BQ6GTB/6CU6. 
Refer  to  chart  at  end  of  section. 

Refer  to  type  6BS3A. 


12BK5 

12B16 

12BN6 

12BQ6GTB/  12CU6 
12BR7 

12BS3 

12BS3A 


HALF-WAVE 
VACUUM  RECTIFIER 


12BT3 


Duodecar  type  used  as  damper  tube  in  horizontal-de¬ 
flection  circuits  of  television  receivers.  Outlines  sec¬ 
tion,  8C;  requires  duodecar  12-contact  socket.  Heater: 
volts  (ac/dc),  12.6;  amperes,  0.45. 


Damper  Service 

For  operation  in  a  525-line,  30-frame  system 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . ,  . ;  . . . . .  „  „ 

Peak  Plate  Current  .  ...  ..... ...  , .  . :  , .  .  .  . . . 

Average  Plate  Current  . . . .  *•.**,* 

Plate  Dissipation  . « . . . . . .  .  . . 


3300 

volts 

1000 

mA 

165 

mA 

5.3 

watts 
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—3300 

volts 

—600 

volts 

21 

volts 

Heater-Cathode  Voltage: 

Peak  value  .  ^ 

Average  value  . . .  -j-iuu 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  250  mA  max  ........ - 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

12BV7  Refer  to  chart  at  end  of  section. 

12BW4  Refer  to  chart  at  end  of  section. 

12BY7  Refer  to  chart  at  end  of  section. 


12BY7A  SHARP-CUTOFF  PENTODE 


Miniature  type  used  as  video  amplifier  in  television 
receivers.  Outlines  section,  6E;  require  miniature  9- 
contact  socket. 


Series 

12.0 

0.3 


Parallel 

6.3 

0.6 

11 

±200  max 
100  max 


Heater  Arrangement: 

Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage : 

Peak  value  . . . . 

Average  value  . . 

Direct  Interelectrode  Capacitances : 

Grid  No.  1  to  Plate . . ■  - -  •  -  •  •  -  •  •  ■  •  ■■  a  '  ‘ 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3, 

and  Internal  Shield  . •  •  •  •  •  •  ■  •  •  *  - -  ■  ■  *  ■  • 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Internal  Shield 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . ;  . . . . . 

Grid-No,3  (Suppressor-Grid)  Voltage,  Positive  value  . 

Grid-No. 2  (Screen-Grid)  Voltage  . . . 

Grid-No.  1  (Control-Grid)  Voltage  . . 

Negative-bias  value  . . . 

Positive-bias  value  . •  •  • . . 

Plate  Dissipation  . . 

Grid-No.  2  Input  . : . 

CHARACTERISTICS 

p).^NnSply  Voltage  . . . Connected  to  cathode  at  socket 

ohms 
ohms 
$mhos 
mA 
mA 
volts 


0.063 

10.2 

3.5 

330 

0 

100 

—55 

0 

6.5 

1.2 


volts 

ampere 

seconds 

volts 

volts 

pF 

pF 

pF 


volts 

volts 

volts 

volts 

volts 

watts 

watts 


Grid  No.3 

Grid-No. 2  Supply  Voltage  . 

Cathode-Bias  Resistor  ... 

Plate  Resistance  (Approx.) 

Transconductance  ......... 

Plate  Current  . . 

Grid-No.2  Current  . . . . •  •  ■  *  ■  •  ■  v  , ,  R 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  20  //.A  ..........  11. o 


180 

100 

93000 

11000 

26 

5.75 


TYPE  I2BY7A 
GRID  No.  3  AND  INTERNAL  SHIELD 
_  CONNECTED  TO  CATHODE  AT 
SOCKET. 

GRID-No.2  VOLTS  “ISO 


-  iRlD-NLvOVTS^^^Z-O^^i^ . 


100  200  300  400  500  600  700 

PLATE  VOLTS  92CS-9234TI 
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MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . .  0.25  megohm 

For  cathode-bias  operation  . . . .  1  megohm 

Refer  to  type  6BZ6.  12BZ6 


HIGH-MU  TWIN  TRIODE  12BZ7 

Miniature  type  used  in  sync-separator  and  sync-ampli¬ 
fier  circuits  of  television  receivers,  and  in  clipping  cir¬ 
cuits  and  audio-amplifier  applications.  Outlines  section, 
9A  6E;  requires  miniature  9-contact  socket. 

Series  Parallel 

Heater  Voltage  . 12.6  6.3  volts 

Heater  Current  .  0.3  0.6  ampere 

Peak  Heater-Cathode  Voltage  . .  ±180  max  volts 

Direct  Inter  electrode  Capacitances:  Unit  No.l  Unit  No. 2 

Grid  to  Plate  .  2.5  2.5  pF 

Grid  to  Cathode,  and  Heater . .  6.5  6.5  pF 

Plate  to  Cathode,  and  Heater  .  0.7  0.55  pF 

Plate  of  Unit  No.l  to  Plate  of  Unit  No.2  .  1.3  pF 

Class  A*  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . ;... . . .  300  volts 

Grid  Voltage: 

Negative-bias  value  . —50  volts 

Positive-bias  value  .  0  volts 

Plate  Dissipation  . . 1.5  watts 

CHARACTERISTICS 

Plate  Voltage  . 250  volts 

Grid  Voltage  . . .  — 2  volts 

Amplification  Factor  . .  100 

Plate  Resistance  (Approx.)  .  31800  ohms 

Transconductance  . 3200  jttmhos 

Plate  Current  . 2.5  mA 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance  for  eontact-potential-bias  operation  . 5  megohms 

Refer  to  type  6CU5.  12C5 

Refer  to  chart  at  end  of  section.  12C8 

Refer  to  type  6CA5.  12CA5 

Refer  to  type  6CK3.  12CK3 

Refer  to  type  6CL3.  12CL3 

Refer  to  chart  at  end  of  section.  12CN5 

Refer  to  type  6CR6.  12CR6 

Refer  to  chart  at  end  of  section.  12CT8 

Refer  to  type  6CU5.  1 2CU5/  12C5 

Refer  to  type  6BQ6GTB/6CU6.  12CU6 

Refer  to  chart  at  end  of  section.  12CX6 

Refer  to  type  6DA4.  12D4 

Refer  to  type  6DB5.  12DB5 

Refer  to  chart  at  end  of  section.  12DE8 

Refer  to  type  6DK6.  12DK6 

Refer  to  chart  at  end  of  section.  12DK7 

Refer  to  chart  at  end  of  section,  12DL8 


396 


RCA  Receiving  Tube  Manual 


12DM4 

12DM4A 

12DQ6A 

12DQ6B 

12DQ7 

12DS7 

12DS7A 

12DT5 
12DT8 
12DU7 
I2DV8 
12DW7 
120Y8 
I2DZ6 
12EA6 
1 2  ECS 
12ED5 
12EG6 
12EH5 
12EK6 
12EL6 
12EM6 
12EN6 
12EQ7 
12F5GI 
12F8 
12FK6 
12FM6 


Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  type  6DQ6B. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  type  6DT5. 

Refer  to  type  6DT8. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  type  6EH5, 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  type  6EQ7. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


10rAO  HIGH-MU 

lirQo  twin  double-plate  triode 

Miniature  type  used  in  frequency-divider  and  complex- 
wave-generator  circuits  of  electronic  musical  instru¬ 
ments.  Outlines  section,  6B;  requires  miniature  9 -con¬ 
tact  socket. 


Heater  Voltage  (ae/clc)  . . 

Heater  Current  . . 

Heater-Cathode  Voltage: 

Peak  value  . . . 

Average  value  .  . . . 

Direct  Inter  electrode  Capacitances  (Approx.) : 

Grid  to  Either  Plate  (Each  Unit)  ....  . 

Grid  to  Cathode,  and  Heater  (Each  Unit)  . . . 

Plate  A  of  Unit  No. I  to  Cathode,  and  Heater  . 
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Plate  B  of  Unit  No.l  to  Cathode,  and  Heater  . , .  0.24  pF 

Plate  A  of  Unit  No.2  to  Cathode,  and  Heater  . . 0-3  pF 

Plate  B  of  Unit  No.2  to  Cathode,  and  Heater  .  0.18  pF 

Plate  A  to  Plate  B  (Each  Unit)  . . 0.7  pF 

Plate  A  of  Unit  No.  1  to  Plate  A  of  Unit  No.2  . . . 0.4  pF 

Class  Ai  Amplifier  (Each  Unit) 

CHARACTERISTICS* 

Plate  Voltage  . .  . . . . .  250  volts 

Grid  Voltage  . . . . .  — 1.5  volts 

Amplification  Factor . . .  . . .  05 

Plate  Resistance  (Approx.)  . . 76000  ohms 

Transconductance . 1250  jtmhos 

Plate  Current  . 1.5  mA 

■  Using  either  plate  A  or  plate  B,  with  plate  not  in  use  connected  to  ground. 

Frequency-Divider  and  Complex-Wave  Generator  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  A  Voltage  . 830  volts 

Plate  B  Voltage  . . 330  volts 

Grid  Voltage,  Positive-bias  value  . . 0  volts 

Plate  A  Dissipation  . 0.5  watt 

Plate  B  Dissipation  . 0.5  watt 

Refer  to  chart  at  end  of  section,  12FR8 

Refer  to  chart  at  end  of  section,  12FV7 


g3 

7CV 


POWER  PENTODE  12FX5 

Miniature  type  used  in  output  stages  of  audio  ampli¬ 
fiers.  Outlines  section,  5D;  requires  miniature  7-con¬ 
tact  socket.  Type  60FX5  is  identical  with  type  12FX5 
except  for  heater  ratings. 


Heater  Voltage  (ac/dc)  .  .  . . 

Heater  Current  . . . .  . . . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . . . . 

Average  value  . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . . . . . 

Grid  No  1  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 


12FX5 

12.6 

0.45 

U 


±200  max 
100  max 


Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 


Glass  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .  . . . . 

Grid-No. 2  (Screen-Grid)  Voltage  . 

Plate  Dissipation  . ... . . . . . 

Grid-No.  2  Input  . . . . 

Bulb  Temperature  (At  hottest  point)  . . . 

TYPICAL  OPERATION 

Plate  Supply  Voltage  . . 

Grid-No.2  Supply  Voltage  . .  . . 

Cathode-Bias  Resistor  . . 

Peak  AF  Grid-No.  1  Voltage  . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . . . 

Zero-Signal  Grid  No.2  Current  . 

Maximum-Signal  Grid  No.2  Current  . . . 

Plate  Resistance  . . . . . 

Transconductance  . . . . 

Load  Resistance  .  .  . . . . ,  .  ,  .  . . 

Total  Harmonic  Distortion  . . . 

Maximum-Signal  Power  Output  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . . . . 

For  cathode-bias  operation  . . . . . 


60FX5 

60 

0.1 


±200  max 
100  max 

0.65 

17 

0 


150 

130 

5.5 

2 

225 


no 

115 

62 

36 

ib 

12 

17500 

13500 

3000 

8 

1.3 


0.1 

0,5 


volts 

ampere 

seconds 


volts 

volts 


pF 

PF 

PF 


volts 

volts 

watts 

watts 

°C 


volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 
ohms 
/tmhos 
ohms 
per  cent 
watts 


megohm 

megohm 


398 


RCA  Receiving  Tube  Manual 


12FX8 

12SFX8A 

12GA6 

12GC6 

12615 

12GJ5 

12GJ5A 


Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 

Refer  to  type  6GE5. 

Refer  to  chart  at  end  of  section. 
Refer  to  type  6GJ5A. 


12GN7 

12GN7A 


SHARP-CUTOFF  PENTODE 


Miniature  types  with  frame  grid  used  as  video-ampli- 

her  tubes  in  color  and  black-and-white  television  re-  ]/®c2 

ceivers.  Outlines  section,  6E;  require  miniature  9-con- 

tact  socket.  Type  12GN7A  is  identical  with  type  k  g3ii$ 

12GN7  except  for  a  higher  plate  dissipation.  Heater:  9BF 

volts,  6.3  (parallel),  12.6  (series);  amperes,  0.6  (parallel),  0.3  (series); 

warm-up  time  (average),  11  seconds,  maximum  heater-cathode  volts,  ±200 

peak,  100  average. 


Class  A3  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . . 

Grid-No.2  Voltage  . .  . . •  •  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value . 

Plate  Dissipation  (12GN7)  . . . 

Plate  Dissipation  (12GN7A)  . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts - 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid-No.2  Supply  Voltage . . . . 

Grid-No.  1  Voltage  . . . 

Cathode-Bias  Resistor  .  .  . . . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . .  • 

Plate  Current  . . 

Grid-No.2  Current  . .  • 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of 

100  nA  . . . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . . 


•  This  value  can  be  measured  by  a  method  involving  a  recurrent 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


400  volts 

330  volts 

See  curve  page  96 
0  volts 

7.5  watts 

11.5  watts 

1.5  watts 
See  curve  page  96 

250  volts 

150  volts 

0  volts 

56  ohms 

0.05  megohm 

6000  pimhon 

28  mA 

6.5  mA 


0.25  megohm 

waveform  such  that  the 


12GT5 

12GT5A 

12GW6 

12GW6/  12DQ6B 


Refer  to  type  6GT5A. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 

Refer  to  type  6GW6/6DQ6B. 
Refer  to  chart  at  end  of  section. 


12HE7 


Refer  to  type  38HE7. 
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H 


K  G3.IS 

9BF 


SHARP-CUTOFF  PENTODE  12H  G7 

Neonoval  type  with  frame  grid  used  as  video  ampli¬ 
fier  in  color  and  black-and-white  television  receivers. 
Outlines  section,  IOC;  requires  9-contact  neonoval 
socket. 


Heater  Arrangement:  Series  Parallel 

Heater  Voltage  (ac/dc)  . . . . .  12.6  6.3  volts 

Heater  Current  . . . .  0.26  0.62  ampere 

Heater- Cathode  Voltage : 

Peak  value  . ±:200  max  volts 

Average  value  . 100  max  volts 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . . .  0.1 5  max  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No. 3,  and 

Internal  Shield  .....  . . ; .  14  max  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 
Internal  Shield  . . . .  *  4.4  max  pF 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 400  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 330  volts 

Grid-No.2  Voltage  . . . .  See  curve  page  96 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  . 0  volts 

Plate  Dissipation  . 10  watts 

Grid-No.2  Input:  1 

For  Grid-No.2  voltages  up  to  165  volts  . 1  watt 

For  Grid-No.2  voltages  between  165  and  330  volts  .  See  curve  page  96 

CHARACTERISTICS 

Plate  Supply  Voltage  . 300  volts 

Grid  No.3  (Suppressor  Grid)  .  Connected  to  cathode  at  socket 

Grid-No.2  Supply  Voltage  . 135  volts 

Grid  No.l  . . .  Connected  to  negative  end  of  cathode  resistor 

Cathode  Resistor  . . 47  ohms 

Plate  Resistance  (Approx.)  .  60000  ohms 

Transconductance  . 32000  /imhos 

Plate  Current  .  31  mA 

Grid-No.2  Current  . 4.8  mA 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  100  fi A  .  — 4.5  volts 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  .  .  0.1  megohm 

For  cathode-bias  operation  .  0.25  megohm 


PLATE  VOLTS  92CSH2746U 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


12J5GT 

12J7GT 

12J8 
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12JB6 

12JB6A 

Refer  to  type  6JB6A. 

12JN6 

Refer  to  type  6JN6. 

12JNS 

Refer  to  type  6JN8. 

12JT6 

12JT6A 

Refer  to  type  6JT6A. 

1 2K5 

Refer  to  chart  at  end  of  section. 

12K7GI 

Refer  to  chart  at  end  of  section. 

12K8 

Refer  to  chart  at  end  of  section. 

12&L8 

Refer  to  chart  at  end  of  section. 

12L6GT 

Refer  to  chart  at  end  of  section. 

12G7GT 

Refer  to  chart  at  end  of  section. 

12R5 

Refer  to  chart  at  end  of  section. 

12S8GT 

Refer  to  chart  at  end  of  section. 

12SA7 

12SA7GT 

Refer  to  chart  at  end  of  section. 

12SC7 

Refer  to  chart  at  end  of  section. 

12SF5 

12SF5GT 

Refer  to  chart  at  end  of  section. 

12SF7 

Refer  to  chart  at  end  of  section. 

12SG7 

Refer  to  chart  at  end  of  section. 

12SH7 

Refer  to  chart  at  end  of  section. 

I2SJ7 

12SJ7GT 

Refer  to  chart  at  end  of  section. 

12SK7 

12SK7GT 

Refer  to  chart  at  end  of  section. 

12SL7GT 

Refer  to  type  6SL7GT. 

12SN7GT 

Refer  to  chart  at  end  of  section. 

12SN7GTA 

Refer  to  type 

12SQ7 

12SQ7GT 

Refer  to  chart  at  end  of  section. 

12SR7 

12SR7GT 

Refer  to  chart  at  end  of  section. 

12U7 

Refer  to  chart  at  end  of  section. 

12V6GT 

Refer  to  type  6V6. 

12W6GT 

Refer  to  type  6W6GT, 

12X4 

Refer  to  type  6X4. 

12Z3 

Refer  to  chart  at  end  of  section. 

13CW4 

Refer  to  type  6CW4. 
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Refer  to  type  6DE7. 

13DE7 

Refer  to  type  6DR7. 

13DR7 

Refer  to  type  6EM7. 

13EM7 

Refer  to  type  6FD7. 

13FD7 

Refer  to  type  6FM7. 

13FM7 

Refer  to  type  6GB5. 

13GB5 

Refer  to  type  6GF7A. 

13GF7 

13GF7A 

Refer  to  type  6J10. 

13J10 

BEAM  POWER  TUBE— 
SHARP-CUTOFF  PENTODE 


13V10 


/q\  8  Duodecar  type  used  as  combined  FM  detector  and 
Y^6K3bb  audio-frequency  output  amplifier  in  television  re- 
ceivers.  The  beam  power  unit  is  used  in  af  output 
u1y©G2B  stages  and  the  pentode  unit  as  an  FM  detector.  Out- 
/®pb  lines  section,  8C;  requires  duodecar  12-contact  socket. 
$  Heater;  volts  (ac/dc),  13.2;  amperes,  0.45;  average 

n  warm-up  time,  11  seconds;  maximum  heater-cathode 

volts,  ±200  peak,  100  average. 


Beam  Power  Unit  as  Class  Aa  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 165  volts 

Grid-No.2  (Screen-Grid)  Voltage  . 150  volts 

Cathode  Current  . . . . . . .  65  mA 

Plate  Dissipation  . . 6.5  watts 

Grid-No.2  Input  .  . . 1.8  watts 

TYPICAL  OPERATION 

Plate  Voltage  . . , . . . .  145  volts 

Grid-No.2  Voltage  .  .  . . . 125  volts 

Grid-No.l  (Control-Grid)  Voltage  . . . . .  — 6  volts 

Peak  AF  Grid-No.l  Voltage . . . . ..... - -  6  volts 

Zero-Signal  Plate  Current  . . 84  mA 

Maximum-Signal  Plate  Current  . . . .  ♦  36  mA 

Zero-Signal  Grid-No.2  Current  . 2.2  mA 

Maximum-Signal  Grid-No.2  Current  . 5.5  mA 

Plate  Resistance  (Approx.)  . . . ; . . ,  . .  0.058  megohm 

Transconductance  ..... . 64Q0  //.mhos 

Load  Resistance  ........... . .1 . . . .  3000  ohms 

Total  Harmonic  Distortion  (Approx.)  . . . .  7  per  cent 

Maximum-Signal  Power  Output  . . . 1.5  watts 

MAXIMUM  CIRCUIT  VALUES  i 

Grid-No.  1 -Circuit  Resistance : 

For  fixed-bias  operation  . 0.25  megohm 

For  cathode-bias  operation  . . 0.5  megohm 

Pentode  Unit  as  Class  kt  Amplifier 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . . . . . . . . . . .  r ... .  150  volts 

Grid-No.3  (Suppressor-Grid)  Voltage  . 0  volts 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . .  *  100  volts 

Cathode-Bias  Resistor  . . 560  ohms 

Plate  Resistance  (Approx.)  ...........................  . .  0.15  megohm 

Transconductance,  Grid  No.l  to  Plate  . 1000  ju.mhos 

Transconductance,  Grid  No.3  to  Plate  . 400  gmhos 

Plate  Current  . 1.3  mA 

Grid-No.2  Current  . 2  mA 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of  10  fiA  ..........  • — 4.5  volts 

Grid-No.3  Voltage  (Approx.)  for  plate  current  of  10  g A  . .  — 4.5  volts 

Pentode  Unit  as  FA/2  Detector 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 330  volts 

Grid-No.3  Voltage  . . 28  volts 

Grid-No.2  Supply  Voltage . . . . . . . . .  830  volts 
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Grid-No.2  Voltage  . . 

Grid-No.l  (Cbntrol-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . 

Grid-No.2  Input  : 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts  . 


See  curve  page  96 
0  volts 

1.7  watts 

1.1  watts 

See  curve  page  96 


14A4 

MAS 

MA7 

14AF7 

14B6 

MBS 


Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 


*1  A  eh  i  1 1  DUAL  TR10DE —  k-tj 

I4ULI  I  SHARP-CUTOFF  PENTODE 

Duodeear  type  used  in  television  receiver  applications.  kTp/^77H 
The  pentode  unit  is  used  for  video  amplifier  service,  _L| JL 

and  the  triode  units  for  general-purpose  use.  Outlines  GT2Q^£^r^ 
section,  8B;  requires  duodeear  12-contact  socket. 

Heater:  volts  (ac/dc),  14.2;  amperes,  0.45;  average 
warm-up  time  11  seconds;  maximum  heater-cathode 
volts,  ±200  peak,  100  average.  12i 

Class  A,  Amplifier 

Triode  Triode  Pentode 

MAXIMUM  RATINGS  (Design-Maximum  Values)  UnitNo.l  UnitNo.2  Unit 

Plate  Voltage  . &30  330  -  250 

Grid-No.2  (Screen-Grid)  Voltage  . —  —  125 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias 

value  . 6  6  6 

Plate  Dissipation  .  1*5  2,0  2.5 

Grid-No.2  input  .  —  —  !'25 

CHARACTERISTICS 

Plate  Voltage  . . . 200  200  35  20( 

Grid-No.2  Voltage  . —  —  10 

Grid-No.l  Voltage  . •  •  “  “  0  ~ 

Cathode-Bias  Resistor  .  470  270 

Amplification  Factor  . 40  69  “ 

Plate  Resistance  (Approx.)  .  7600  iSaa 

Transconductance  . *  5300  o500  1900 

Plate  Current  . 7.2  7.1  40  1 

Grid-No.2  Current . *  —  —  ** 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  100  n A . . *  — 8  5.5  —  “5.1 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . . 0.5  0.5  0.1 

For  cathode-bias  operation  . 1.0  1.0  0.25 


330 

330 

.  250 

volts 

•  _ 

— 

125 

volts 

0 

0 

0 

volts 

1.5 

2.0 

2.5 

watts 

— 

— 

1.25 

watts 

200 

200 

35  200 

volts 

_ 

— 

100  100 

volts 

_ 

—  ■ 

0  — 

volts 

470 

270 

—  82 

ohms 

40 

7600 

69 

12500 

—  70000 

ohms 

5300 

5500 

—  19000 

/anhos 

7.2 

7.1 

40  16 

mA 

—  • 

13  3.0 

mA 

—8 

— 5.5 

—  —5.5 

volts 

0.5 

0.5 

0.1 

megohm 

1.0 

1.0 

0.25 

megohm 

0 

0 

*— 

,  volts 

i4Dm1  DUAL  TRIODE— 

l4oKi  I  SHARP-CUTOFF  PENTODE 

Duodeear  type  used  in  television  receiver  applications.  Kp>G3p* 
The  high-mu  triode  unit  No.  1  is  used  for  general-  is^ 
purpose  use,  the  medium-mu  triode  unit  No.  2  for 
sync  separator  service,  and  the  pentode  unit  for  video  G2p^ 
amplifier  service.  Outlines  section,  8C;  requires  duo-  G|( 
decar  12-contact  socket.  Heater:  volts  (ac/dc),  14.2; 
amperes,  0.45;  warm-tip  time,  11  seconds;  maximum 
heater-cathode  volts,  ±200  peak,  100  average. 


PT2  KjI 

kT2j!S  (?)  (?)  GT2 


Technical  Data 
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Class  Ax  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 


Plate  Voltage  . . . . . . . . . 

Grid-No.2  (Screen-Grid)  Supply  Voltage . . 

Grid-No.2  Voltage . . . . . . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias 

value  . . . . . . 

Plate  Dissipation  . . . 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . 

For  grid-No.2  voltages  between  165  and  330 
volts  . . . . . . 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . . . . . . . . 

Grid-No. 1  Voltage  . . 

Cathode-Bias  Resistor  . 

Amplification  Factor  . . . . . 

Plate-Resistance  (Approx.)  . . 

Transconductance  . . . . . . 

Plate  Current  . ." . . . . 

Grid-No.2  Current  . . . . . 

Grid-No. 1  Voltage  (Approx.)  for  plate  current 

of  100  jiA  . . . . . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . . 


Triode 

Triode 

Pentode 

Unit  No.l 

Unit  No.2  Unit 

330 

330 

330 

volts 

_ 

■  — 

330 

volts 

•  — 

. — 

See  curve  page  96 

0 

0 

0 

volts 

1.5 

2.0 

4.0 

watts 

— 

— 

1.1 

watts 

See  curve  page  96 

200 

200 

35  135 

volts 

— 

135  .  135 

volts 

—2 

_ 

0  — 

volts 

— 

220 

—  100 

ohms 

68 

41 

■  — •  ■  — 

12400 

9400 

—  45000 

ohms 

5500 

4400 

—  10400 

/imhos 

7.0 

9.2 

34  17 

mA 

— 

^  — 

13  4.0 

mA 

*—5.5 

—6.5 

“  -6 

volts 

0.5 

0.5 

1.0 

megohm 

1.0 

1.0 

1.0 

megohm 

Refer  to  chart  at  end 


of  section. 


14C5 


Refer  to  chart  at  end  of  section. 


14C7 


Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 


14E6 

14E7 

14F7 


Refer 


to  chart  at 


end  of  section. 


14F8 


9KR 


TWIN  DIODE — 
HIGH-MU  TRIODE 


14GT8 


Miniature  type  used  as  combined  detector  and  af 
voltage  amplifier  in  radio  receivers.  Outlines  section, 
6B;  requires  miniature  9-contact  socket. 


Heater  Voltage  (ac/dc)  .  .  . . . ! . . . . 

Heater  Current  . . . 

Heater-Cathode  Voltage : 

Peak  value  .  ,  . . . . . . 

Average  value  . . . . . 

Direct  Interelectrode  Capacitances ; 

Triode  Unit: 

Grid  to  Plate  .  . . 

Grid  to  Cathode  and  Heater  . . 

Plate  to  Cathode  and  Heater . . . . . . 

Diode  Units : 

Diode  No.l  Plate  to  Triode  Grid  . . . 

Diode  No.2  Plate  to  Triode  Grid  . 

Either  Diode  Cathode  to  All  Other  Tube  Electrodes  . 

Diode  Plate  to  Cathode  and  Heater  (Each  Unit)  . 

Triode  Unit  as  Class  Ar  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage . . . . . . 

Grid  Voltage,  Positive-bias  value  . . . 

Plate  Dissipation  . . . . . . . . . ... 


14 

Volts 

0.15 

ampere 

±200  max 

volts 

100  max 

volts 

1.8 

PF 

1.6 

pF 

0.24 

pF 

0.09  max 

pF 

0.07  max 

pF 

6.5 

pF' 

2.4 

pF 

330 

volts 

0 

volts 

1.1 

watts 
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CHARACTERISTICS,  Instantaneous  Value 

Plate  Voltage  . . . . ■  •  <  ■ . . 

Grid  Voltage  . . . . . . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . . . . 

Transeonductance  . . . .  . 

Plate  Current  . . . * . 

Diode  Units  (each  unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  . . . . . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  18  mA  . . . . 


250 

volts 

—3 

volts 

72 

72000 

ohms 

1000 

jtimhos 

0.7 

mA 

5 

mA 

5  . 

volts 

14H7  liefer  to  chart  at  end  of  section, 

14J7  Refer  to  chart  at  end  of  section. 


14JG8 


TWIN  DIODE— 
HIGH-MU  TRIODE 


Miniature  type  used  as  combined  FM  detector  and  af 
voltage  amplifier.  Outlines  section,  6B;  requires  minia¬ 
ture  9-contact  socket.  Heater:  volts  (ac/dc),  14;  am¬ 
peres,  0.15;  maximum  heater-cathode  volts,  ±200  peak, 
100  average. 


Triode  Unit  as  Class  A,  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . 

Grid  No.l  (Control-Grid)  Voltage: 

Positive-bias  value  . . . . 

Negative-bias  value  . . 

Plate  Dissipation  . 

CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  Voltage  . . . 

Amplification  Factor  . . . . 

Plate  Resistance  (Approx.)  . . ( . 

Transconductance  . . . 

Plate  Current  . . 

Diode  Units 


H 


380 

volts 

0 

volts 

—50 

volts 

1.1 

watts 

250 

volts 

—2 

volts 

90 

ohms 

41000 

2200 

/imhos 

2 

mA 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  (Each  Unit)  . * . 

14H7  Refer  to  chart  at  end  of  section. 

“I4Q7  Refer  to  chart  at  end  of  section. 


14R7 


Refer  to  chart  at  end  of  section. 
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Refer  to  chart  at  end  of  section. 
Refer  to  type  6AF11. 

Refer  to  type  6BD11. 

Refer  to  type  6CW5. 


15 

15AFI1 

15BD11 

15CW5 

15CW5/PL84 


H 


HIGH-MU  TRIODE 
SHARP-CUTOFF  PENTODE 


15DQ8 


Miniature  type  used  in  color  and  black-and-white  tele¬ 
vision  receiver  applications.  The  triode  unit  is  used  as 
a  sync-separator,  sync-amplifier,  keyed-age,  or  noise- 
suppressor  tube.  The  pentode  unit  is  used  as  a  video¬ 
output  tube.  Outlines  section,  6E;  requires  miniature 
9 -contact  socket. 


Heater  Voltage  (ac/dc)  . . . . 

Heater  Current  . . 

Peak  Heater-Cathode  Voltage  . . . . 

Class  Ai  Amplifier 


35  volts 

0.3  ampere 

:±20O  max  volts 


MAXIMUM  RATINGS  (Design -Maximum  Values)  Triode  Unit  Pentode  Unit 


Plate  Supply  Voltage  . 

Peak  Plate  Voltage,  with  maximum  plate 

current 

of 

550 

600 

550 

Plate  Voltage  . . . . 

250 

250 

Grid-No.2  (Screen-Grid)  Supply  Voltage  ., 

— 

550 

Grid-No.2  Voltage  ; . 

— . 

250 

Cathode  Current . . . . . . 

12 

40 

Plate  Dissipation  . . . . 

1 

4 

Grid-No.2  Input  . 

Triode 

1.7 

CHARACTERISTICS 

Unit 

Pentode  Unit 

Plate  Voltage  . . . 

200 

170 

200 

200 

Grid-No.2  Voltage  . . 

— 

170 

200 

220 

Grid-No. 1  Voltage  . 

—1.7 

—  2.1 

—  2.9 

—3.4 

Amplification  Factor  . . 

05 

— 

— 

— 

Mu-Factor,  Grid-No.2  to  Grid-No.l - 

— 

36 

36 

36 

Plate  Resistance  (Approx.)  . 

— 

0.1 

0.13 

0.15 

Transconductance  . 

4000 

11000 

10400 

10000 

Plate  Current  . * . . . 

3 

18 

18 

18 

Grid-No.2  Current . . . 

— 

3 

3 

3 

volts 

volts 

volts 

volts 

volts 

mA 

watts 

watts 


volts 

volts 

volts 


megohm 

jamhos 

mA 

mA 


TYPICAL  OPERATION  OF  PENTODE  UNIT 

Plate  Supply  Voltage  . . 

Series  Plate  Resistor  . . . 

Grid-No.2  Voltage  . . . 

Grid-No. 1  Voltage . . . 

Transconductance  . . . 

Plate  Current  . . 

Grid-No.2  Current  . . 


AS  VIDEO  OUTPUT  TUBE 


170 

200 

220 

volts 

3000 

3000 

3000 

ohms 

170 

200 

220 

volts 

— 2 

—2.8 

—3.3 

volts 

10400 

10000 

9700 

/imhos 

18 

18 

18 

mA 

3.2 

3.1 

3.1 

mA 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l-Circuit  Resistance:  Triode  Unit  Pentode  Unit 

For  fixed-bias  operation  .  1  1  megohm 

For  cathode-bias  operation .  3  2  megohms 

•  With  maximum  duty  factor  of  0.18  and  maximum  pulse  duration  of  18  microseconds. 


Refer  to  type  GFM7. 

15FM7 

Refer  to  type  6FY7. 

I5FY7 

Refer  to  type  6HB6. 

15HB6 

Refer  to  type  6KY8A. 

T5KY8 

15KY8A 

Refer  to  type  6LE8. 

I5LE8 
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16  AS 


HIGH-MU  TRIODE 
POWER  PENTODE 

Miniature  type  used  in  television  receiver  applications. 

The  triode  unit  is  used  as  a  vertical  oscillator  or  as  an 
a f  amplifier,  and  the  pentode  unit  is  used  as  a  vertical 
output  tube  or  as  an  audio  output  tube.  Outlines  sec-  kpj&3p 
tion,  6G;  requires  9-contact  socket.  Heater:  volts  (ac/ 
dc),  16;  amperes,  0.3;  maximum  heater-cathode  volts, 

±200.  9EX 


Class  Aj  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Supply  Voltage  . . 

Peak  Plate  Voltage*  . 

Plate  Voltage  . 

Peak  Inverse  Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No.2  Voltage  . 

Cathode  Current  . . . . 

Plate  Dissipation  (Frame  Output)  . . 

Plate  Dissipation  (Audio  Output)  . 

Grid-No.2  Input  . . . 

Peak  Grid-No.2  Input  . - . 

CHARACTERISTICS 


Plate  Voltage  . . . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  . . 

Amplification  Factor  . . . 

Mu  Factor,  Grid  No.2  to  Grid  No.l 

Plate  Resistance  . . 

Transconductance  . 

Plate  Current  . . . 

Grid-No.2  Current  . 

MAXIMUM  CIRCUIT  yALUES 
Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . 


Triode  Unit  Pentode  Unit 


550 

600 

250 


15 


550 

2500 

250 

500 

550 

250 

50 

5 

7 

1.8 

3.2 


Triode 

Unit 

Pentode  Unit 

100 

100 

170 

200 

200 

_ 

100 

170 

200 

200 

0 

—6.0 

—11.5 

—12.5 

—16 

70 

— 

— 

— 

— 

_ 

10 

9.5 

9.5 

9.5 

_ , 

15000 

16000 

20500 

20000 

2500 

6800 

7500 

6800 

6400 

3.5 

26 

41 

35 

35 

5.0 

8.0 

6.5 

7.0 

volts 

volts 

volts 

volts 

volts 

volts 

mA 

watts 

watts 

watts 

watt3 


volts 

volts 

volts 


ohms 

/imhos 

mA 

mA 


megohm 

megohms 


►  With  a  maximum  duty  factor  of  0.04  and  maximum  pulse  duration  of  0.8  milliseconds. 


16AQ3 

16AQ3/ 

XY88 


DIODE 


9CB 


Miniature  types  used  as  booster  diodes  in  line-time- 
base  circuits  of  transformerless  television  receivers. 

Outlines  section,  7D;  require  miniature  9-contact  socket.  Heater:  volts 
(ac/de),  16.4;  amperes,  0.6;  maximum  heater-cathode  volts,  6600  peak. 


MAXIMUM  RATINGS  (Design-Center  Values) 

Supply  Voltage  at  zero  current  .  .  .  .  . . 

Supply  Voltage  . . . 

Peak  Plate  Current  . 

Average  Plate  Current  . . 

Plate  Dissipation  . 

Peak  Negative-Pulse  Plate  Voltage*  ........ 


550 

volts 

250 

volts 

550 

mA 

220 

mA 

5 

watts 

-6000# 

volts 

*  Under  no  conditions  should  an  absolute  maximum  value  of  7500  volts  be  exceeded. 

#  The  pulse  duration  must  not  exceed  22  per  cent  of  a  cycle,  or  a  maximum  of  18  microseconds# 
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Refer  to  type  6GK6. 

16GK6 

Refer  to  type  6GY5. 

16GY5 

Refer  to  type  6AX3, 

17AX3 

Refer  to  chart  at  end  of  section. 

17AX4GT 

Refer  to  type  6AX4GTB. 

17AX4GTA 

Refer  to  type  6AY3B. 

1 7AY3 
17AY3A 

Refer  to  type  6BE3. 

17BE3 

Refer  to  type  6BF11. 

17BF1 1 

Refer  to  type  6BH3A. 

17BH3 

17BH3A 

Refer  to  type  6BQ6GTB/6CU6. 

I7BQ6GTB 

Refer  to  type  6BS3A. 

1 7BS3 
17BS3A 

®&4f 


_+\®'c 

Wc(3A 

/oV 

sui) 

r~u2)^NC 

(1 

H 

H 

12FX 


HALF-WAVE 
VACUUM  RECTIFIER 


17BZ3 


Duodecar  type  used  as  damper  tube  in,  horizontal- 
deflection  circuits  of  television  receivers.  Outlines 
section,  8D;  requires  duodecar  12-contact  socket. 


Heater  Voltage  (ac/de)  . . . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Cathode  to  Heater  and  Plate  . . . 

Plate  to  Cathode  and  Heater  . . 

Heater  to  Cathode . . . . . 


16.8 

volts 

0.45 

ampere 

11 

seconds 

11 

pF 

8.5 

PF 

3.4 

pF 

Damper  Service 


For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 


Peak  Inverse  Plate  Voltage#  . . . .  4500 

Peak  Plate  Current  . . . . . . . . . .  . . .  1200 

Average  Plate  Current  . . . . . . . .  200 

Plate  Dissipation  . . . . . . . . .  6.5 

Heater-Cathode  Voltage: 

Peak  value  . . . .  +900  —4500 

Average  value  . . . .  +100  — 300 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  360  mA . . . . ....  21 


volts 

mA 

mA 

watts 

volts 

volts 


volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


Refer  to  type  5005. 

17C5 

Refer  to  type  609. 

17C9 

Refer  to  type  6CR3. 

17CK3 

Refer  to  type  6CIJ5. 

17CU5 

Refer  to  type  6DA4. 

17D4 

Refer  to  type  6DE4. 

17DE4 

Refer  to  chart  at  end  of  section. 

I7DM4 

Refer  to  type  6DM4 A. 

17DM4A 

Refer  to  chart  at  end  of;  section. 

17PQ6A 

Refer  to  type  6DQ6B, 

17DQ6B 
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17EW8  HIGH-MU  TWIN  TRIODE 

Miniature  types  used  in  rf-amplifier  and  oscillator- 
mixer  circuits  in  FM  and  AM  radio  receivers.  Outlines 
section,  6B;  require  miniature  9-contact  socket. 

Heater  Voltage  . . 

Heater  Current  . . . . - . 

Peak  Heater-Cathode  Voltage  . 

Direct  Interelectrode  Capacitances : 

Plate  to  Grid  (Each  Unit)  . . . 

Plate  to  Cathode  (Each  Unit)  . . 

Plate  to  Cathode,  Heater,  and  Internal  Shield  (Each  Unit)  .... 
Grid  to  Cathode,  Heater,  and  Internal  Shield  (Each  Unit)  .... 

Plate  of  Unit  No.I  to  Plate  of  Unit  No. 2  . . 

Grid  of  Unit  No.I  to  Grid  of  Unit  No. 2  . 

Plate  of  Unit  No.I  to  Grid  of  Unit  No.2  . 

Plate  of  Unit  No.2  to  Grid  of  Unit  No.I  . . . 

Plate  of  Unit  No.I  to  Cathode  of  Unit  No.2  . . . 

Plate  of  Unit  No.2  to  Cathode  of  Unit  No.I  . 

Grid  of  Unit  No.I  to  Triode  of  Unit  No.2  . . 

Grid  of  Unit  No.2  to  Triode  of  Unit  No.I  . 


KT2{^\l] 

N©Gt' 

tTs) 

X5T2V“'/ 

) 

PT2W  ^ 

'is 

9AJ 

17.5 

volts 

0.15  ampere 

±90  max 

volts 

1.5 

pF 

0.18 

pF 

1.2 

PF 

3 

PF 

0.04  max 

pF 

0.003  max 

PF 

0.008  max 

pF 

0.008  max 

PF 

0.008  max 

pF 

0.008  max 

pF 

0,003  max 

PF 

0.003  max 

PF 

Class  Ai  Amplifier  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 


Plate  Voltage  . 

Grid-Voltage,  Negative-bias  Value 

Cathode  Current  . . 

Plate  Dissipation  . . 

CHARACTERISTICS 

Plate  Voltage  . . 

Grid  Voltage  . . 

Amplification  Factor . 

Transconductance  . 

Plate  Current  . 


250 

volts 

—100 

volts 

15 

mA 

2.5 

watts 

100 

170 

200 

volts 

—1.1* 

—1.5 

—2.1 

volts 

50 

50 

48 

4600 

6200 

5800 

^mhos 

4.5 

10 

10 

mA 

MAXIMUM  CIRCUIT  VALUE 

Grid-Circuit  Resistance . -  1  megohm 


*  Should  not  be  used  if  grid  current  is  not  permissible. 


17GE5 

Refer  to  type  6GE5. 

17GJ5 

Refer  to  chart  at  end  of  section. 

17GJ5A 

Refer  to  type  6GJ5A. 

17GT5 

17GT5A 

Refer  to  type  6GT5A. 

17GV5 

Refer  to  type  6GV5. 

17GW6/17DQ6B 

Refer  to  type  6GW6/6DQ6B. 

T7H3 

Refer  to  chart  at  end  of  section. 

17JB6 

17JB6A 

Refer  to  type  6JB6A. 

17JG6 

Refer  to  chart  at  end  of  section. 

17JG6A 

Refer  to  type  6JG6A. 

T7JM6 

17JM6A 

Refer  to  type  6JM6A. 

17JN6 

Refer  to  type  6JN6. 

T7JT6 

17JT6A 

Refer  to  type  6JT6A, 

Technical  Data 
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Refer  to  type  6JZ8. 

Refer  to  chart  at  end  of  section. 


17JZ8 

17LD8 


12BT 


PENTODE- 
BEAM  POWER  TUBE 


17X10 


Duodecar  type  used  in  television  receiver  applications. 
The  pentode  unit  is  used  as  a  power-output  tube,  and 
the  beam  power  unit  is  used  for  limiter  and  discrim¬ 
inator  applications.  Outlines  section,  8C;  requires 
duodecar  12-contact  socket.  Heater:  volts,  16.8;  am¬ 
peres,  0.45;  average  warm-up  time,  11  seconds;  max¬ 
imum  heater-cathode  volts;  ±200  peak,  100  average. 


Class  At  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No. 1  (Control-Grid)  Voltage,  Peak  positive  value 

Cathode  Current  . . . 

Plate  Dissipation  . . 

Grid-No.2  Input  . 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . . 

Grid-No.  1  Voltage  . 

Peak  AF  Grid  Voltage  . 

Plate  Resistance  . . . . 

Transconductance  . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  . 

Load  Resistance  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1 -Circuit  Resistance  : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . 


Beam  Power  Unit  Pentode  Unit 


165  330  volts 

150  110  volts 

—  60  volts 

65  13  raA 

6.5  -r-  watts 

1.8  —  watts 

Beam  Power  Unit 

.  145  volts 

.  110  vojts 

.  6  volts 

.  6  volts 

.  30000  ohms 

......  8600  fim  hos 

.  36  mA 

.  40  mA 

.  3  mA 

_ _  9  mA 

.  3000  ohms 


0.25  megohm 

0.5  megohm 


Refer  to  chart  at  end  of  section.  18 AS 

Refer  to  chart  at  end  of  section.  18FW6 


7CC 


REMOTE-CUTOFF  PENTODE  18FW6A 

Miniature  type  used  as  rf-  and  if-amplifier  tube  in 
ac/dc  radio  receivers.  Outiines  section,  5C;  requires 
miniature  7-contact  socket. 


Heater  Voltage  .  18  volts 


Heater  Current  .  0.1  ampere 

Heater  Warm-up  Time  (Average)  .  20  seconds 

Peak  Heater-Cathode  Voltage  . ±100  max  volts 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . . . . . .  0.0035  max 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  6.5  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  5  pF 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . . . .  „  150  volte 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . .  »  150  volte 

Grid-No.2  Voltage  . . . ... . . . .  a.  « .  •  See  curye  page  96 

Grid-No.  1  (Control-Grid?)  Voltage,  Positive-bias  value  .  0  v  volte 
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Plate  Dissipation  . 2.5  watts 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  75  volts  . . . . .  0.6  watt 

For  grid-No.2  voltages  between  75  and  150  volts  . See  curve  page  96 

CHARACTERISTICS 

Plate  Supply  Voltage  . 100  volts 

Grid  No.3  . . . . . . .  ... .  Connected  to  cathode  at  socket 

Grid-No.2  Supply  Voltage . . .  . . .  ...  100  volts 

Cathode-Bias  Resistor  . . 68  ohms 

Plate  Resistance  (Approx.)  . . 0.25  megohm 

Transconductance  . 4400  fimhos 

Plate  Current  . . . . . . ...  11  mA 

Grid-No.2  Current  .  . 4.4  mA 

Grid-No.l  Voltage  (Approx.)  for  transconductance  of  25  //.mhos  ....  .  —20  volts 


18FX6 


Refer  to  chart  at  end  of  section. 


18FX6A  PENTAGRID  CONVERTER 

Miniature  type  used  for  converter  applications  in 
ac/dc  radio  receivers.  Outlines  section,  5C;  requires 
miniature  7-contact  socket.  Heater:  volts  (ac/dc),  18; 
amperes,  0.1;  warm-up  time  (average),  20  seconds; 
maximum  heater-cathode  volts,  ±100  peak. 

Converter 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . - ..... 

Grids-No.2-and-No.4  (Screen-Grid)  Supply  Voltage  . . ... 

Grids-No.2-and-No.4  Voltage  . . . . 

Grids-No.2-and-No.4  Input  .  ,  .  . . . 

Plate  Dissipation  . . ........... . . . . 

TPYICAL  OPERATION  (Separate  Excitation)* 

Plate  Voltage  . . . . . . ♦ 

Grids-No.2-and-No.4  (Screen-Grid)  Voltage  . . . 

Grid-No.3  (Control-Grid)  Voltage  . 

Grid-No.l  (Oscillator-Grid)  Resistor  . . . .  . . 

Plate  Resistance  (Approx.)  . . . .  . .  . . 

Conversion  Transconductance  . . . . 

Plate  Current  .  . . . .  . . . . . . *  • 

Grids-No.2-and-No.4  Current . .  .  .  .  .  . . . 

Grid-No.l  Current  .  .>  .... . . . . . 

Total  Cathode  Current  . . .  .  . . . .  ..... 

Grid-No.3  Voltage  (Approx.)  for  conversion  transconductance  of 
10  /rnihos  . . .  i  ........ . , 


150 

volts 

150 

volts 

no 

volts 

1.2 

watts 

.1 

watt 

100 

volts 

100 

volts 

— 1.5 

volts 

20000 

ohms 

0.4 

megohm 

480 

/tmhos 

2.3 

mA 

6.2 

mA 

0.5 

mA 

9 

mA 

—21 

volts 

NOTE:  The  transconductance  between  grid  No. 1  and  grids  No. 2  and  No. 4  connected  to  plate 
(not  oscillating)  is  approximately  7000  //mhos  under  the  following  conditions:  grids  No.l  and 
No.3  at  0  volts  ;  grids  No.2  and  No.4  and  plate  at  100  volts.  Under  the  same  conditions,  the 
plate  current  is  24  /tA,  and  the  amplification  factor  is  22. 

*  The  characteristics  shown  with  separate  excitation  correspond  very  closely  with  those  ob¬ 
tained  in  a  self-excited  oscillator  circuit  operating  with  zero  bias. 


18FY6 


Refer  to  chart  at  end  of  section. 


TWIN  DIODE— 
HIGH-MU  TRIODE 

Miniature  type  used  as  combined  detector,  amplifier, 
and  avc  tube  in  compact  ac/dc  radio  receivers.  Out¬ 
lines  section,  5C;  requires  miniature  7-contact  socket. 
Heater:  volts  (ac/dc),  18;  amperes,  0.1;  warm-up  time 
(average),  20  seconds;  maximum  heater-cathode  volts, 
±100  peak. 

Triode  Unit  as  Class  Aj  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  ..........  .  . ...  .  . . . .  •  •  . . . . . 

Grid  Voltage,  Positive-bias  value  . . .... . . ........ . . , ..... .... .  .. 

Plate  Dissipation  . . . . . ..... - .................. ... , . ..... 


18FY6A 


7BT 


150 

volte 

0 

•  volte 

0.5 

watt 

Technical  Data 


CHARACTERISTICS 

Plate  Voltage  . . . 

Grid  Voltage  .  .  .  . . > . * . 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconduetance  . . 

Plate  Current  . . . . . . . 

Diode  Units  (Each  Unit) 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Current  . . . . . 
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100 

volts 

—1 

100 

volt 

77000 

ohms 

1300 

jtmhos 

0.6 

mA 

1 

mA 

SHARP-CUTOFF  PENTODE  1 8GD6A 

Miniature  type  used  in  the  if,  rf,  and  converter  stages 
of  ac/dc  AM  radio  receivers.  Outlines  section,  5C; 
requires  miniature  7-contact  socket. 


Heater  Voltage  (ac/dc)  .  18  volts 

Heater  Current  . 0.1  ampere 

Warm-up  Time  (Average)  . 20  seconds 

Peak  Heater-Cathode  Voltage  . ±100  max  volts 

Direct  Interelectrode  Capacitances 

Grid  No.l  to  Plate  .  0.0035  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3,  and 

Internal  Shield  . 6.0  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No.3  and  Internal 
Shield  . 5.0  pF 

*  Values  are  same  without  external  shield,  or  with  external  shield  connected  to  cathode. 

Class  Ax  Amplifier 

CHARACTERISTICS 

Plate  Supply  Voltage  .  100  volts 

Grid  No.3  (Suppressor  Grid)  . . . . .  Connected  to  cathode  at  socket 

Grid-No. 2  (Screen-Grid)  Voltage  .....  .  .  .  . . 100  volts 

Cathode-Bias  Resistor  . 150  ohms 

Plate  Resistance  (Approx.)  . . 0.5  megohm 

Transconductance  .  4300  itimhos 

Plate  Current . .  5  mA 

Grid-No.2  Current  . 2  mA 

Grid-No.l  Voltage  (Appi’ox.)  for  plate  current  of  10  jjlA  .  — 4.7  volts 

RF  Amplifier  and  Converter 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 150  volts 

Grid-No.2  Supply  Voltage  . 150  volts 

Grid-No.2  Voltage  . .  See  curve  page  96 

Plate  Dissipation  . 2.5  watts 

Grid-No.2  Input: 

For  grid-No.2  voltages  up  to  75  volts  .  0.6  watt 

For  grid-No.2  voltages  between  75  and  150  volts  .  See  curve  page  96 

Refer  to  chart  at  end  of  section.  19 


7BK 


4CG 


HALF-WAVE 
VACUUM  RECTIFIER 


19AU4 


Glass  octal  type  used  as  damper  diode  in  horizontal- 
deflection  circuits  of  black-and-white  television  re¬ 
ceivers.  Outlines  section,  13C;  requires  octal  socket. 
This  type  may  be  supplied  with  pin  1  omitted.  Socket 
terminals  1,  2,  4,  and  6  should  not  be  used  as  tie 
points.  This  tube,  like  other  power-handling  tubes, 
should  be  adequately  ventilated. 


Heater  Voltage  (ac/dc)  . . / .  18.9  volts 

Heater  Current  .  0.6  ampere 

Heater  Warm-up  Time  . . .  11  seconds 
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Direct  Interelectrode  Capacitances  i 
Plate  to  Heater  and  Cathode  . 
Cathode  to  Heater  and  Plate  . 
Heater  to  Cathode 


8.5  pF 

11.5  pF 

4  pF 


Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Center  Values) 


Peak  Inverse  Plate  Voltage#  . . . .  4500° 

Peak  Plate  Current  . . . . . . .  1050 

Average  Plate  Current  . . . . .  175 

Plate  Dissipation  . , . . .  6 

Heater-Cathode  Voltage: 

Peak  value  . . .  +300  —4500 

Average  value  .  +100  — 900 


volts 

fflA 

RjA 

watts 


volts 

volts 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


0  Under  no  circumstances  should  this  absolute  value  be  exceeded. 


19AU4GTA 

19BG6G 

19BG6GA 

19CL8A 

19EA8 

19EZ8 

19GQ7 

I9HR6 

19HS6 


Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  type  6CL8A, 

Refer  to  type  6EA8. 

Refer  to  type  6EZ8. 

Refer  to  type  6GQ7. 

Refer  to  type  6HR6. 

Refer  to  type  6HS6. 


19HV8 


HIGH-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


Miniature  type  used  as  if~amplifier  and  af  voltage- 
amplifier  tube  in  radio  receivers.  Outlines  section,  6B; 
requires  miniature  9 -contact  socket. 


Heater  Voltage  (a,c/dc)  . 

Heater  Current  . . 

Heater-Cathode  Voltage : 

Peak  value  . 

Average  value  . . . 

Direct  Interelectrode  Capacitances : 

Pentode  Unit : 

Grid  No.l  to  Plate . 

Grid  No.l  to  Cathode,  Heater,  Grid.  No. 2, 

Grid  No. 3,  and  Internal  Shield  . 

Plate  to  Cathode,  Heater,  Grid  No. 2, 

Grid  No.3,  and  Internal  Shield  . . 

Heater  to  Cathode  . . . . 

Triode  Unit : 

Grid  to  Plate  . . 

Grid  to  Cathode,  Cathode  of  Pentode  Unit, 

Heater,  Grid  No.3,  and  Internal  Shield  . 

Plate  to  Cathode,  Cathode  of  Pentode  Unit, 

Heater,  Grid  No.3,  and  Internal  Shield  . 

Heater  to  Cathode  . . . 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Piste  *Volt<El|3fO  * 

Grid-No.2  (Screen-Grid)  Supply  Voltage  . 

Grid-No. 2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value 
Plate  Dissipation  . . . 


18.9 

volts 

0.15 

ampere 

+200  max 

volts 

100  max 

volts 

Unshielded 

Shielded 

0.016 

0.007 

pF 

5.5 

5.5 

pF 

2.4 

3.4 

pF 

.2.8 

2.8 

PF 

0.9 

0.9 

PF 

1.7 

1.9 

pF 

1.7 

2.6 

pF 

2.8 

2.8 

pF 

Triode  Unit 

Pentode  Unit 

330 

330 

volts 

330 

volts 

—  See  curve  page  96 

0 

0 

volts 

0.55 

3 

watts 

Technical  Data 
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Grid-No. 2  Input: 

For  grid-No.2  voltages  up  to  165  volts  . . . . 

For  grid- No. 2  voltages  between  165  and  330  volts 

CHARACTERISTICS 

Plate  Voltage  . . .*> .. ............... . . 

Grid-No.2  Voltage  .... . ... . . . . .  . . . , 

Grid-No. 1  Voltage  . ^ . . 

Amplification  Factor  . . .  . . . . . . . . 

Plate  Resistance  (Approx.)  . . . .  .  . . . . . . 

Transconductance  . . . . . . . . 

Plate  Current  . . . . . . 

Grid-No.2  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

50  uA  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current  of 

20  juA  . . . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . 


__ 

0.55 

watt 

*— 

See  curve  page 

96 

100 

125 

volts 

125 

volts 

—1 

—1 

volt 

70 

— 

54000 

200000 

ohms 

1300, 

6500 

jtunhos 

0.8 

12 

mA 

— 

4 

mA 

—1.5 

— - 

volts 

— 

— 0 

volts 

0.5 

0.25 

megohm 

1 

1 

megohm 

Refer  to  chart  at  end  of  section. 


Refer  to  type  6JN8. 


19J  NS 


MED2UM-MU  TRIODE—  ICS! /r*0 

SHARP-CUTOFF  PENTODE  8  7l\\70 

Miniature  type  used  as  combined  oscillator  and  mixer. 
Outlines  section,  6B;  requires  miniature  9-contact 
socket.  Heater:  volts  (ac/dc),  18.9;  amperes,  0.15; 
maximum  heater-cathode  volts,  ±200  peak,  100 
average. 


Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values)  T 

Plate  Voltage  . . 

Grid  No.2  (Screen-Grid)  Supply  Voltage  . 

Grid  No.2  Voltage  . 

Grid  No.l  (Control-Grid)  Voltage,  Positive-bias  value 

Plate  Dissipation  . . . . . 

Grid  No. 2  Input: 

For  grid-No.2  voltages  up  to  150  volts  . 

For  grid-No.2  voltages  between  150  and  300  volts 

CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  . . . . 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . 

Plate  Current  . . . 

Grid-No.2  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current 

of  10  mA  .  .  . . . . . 

MAXIMUM  CIRCUIT  VALUES 
Gfid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . 


ode  Unit  Pentode  Unit 

300 

300 

volts 

— 

300 

volts 

— 

See  curve 

page  96 

0 

0 

volts 

2.5 

2.5 

watts 

___ 

0.55 

watt 

— 

See  curve 

page  96 

125 

125 

volts 

— . 

125 

volts 

—1,0 

—1.0 

volts 

46 

— 

5400 

200000 

ohms 

8500 

7500 

jumhos 

13.5 

12 

mA 

— 

4.0 

mA 

—8 

—8 

volts 

2.2 

2.2 

megohms 

2.2 

2.2 

megohms 

Refer  to  chart  at  end  of  section. 


Refer  to  type  6X8. 


Refer  to  chart  at  end  of  section. 


Refer  to  chart  at  end  of  section. 


20EQ7 
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20EZ7  HIGH-MU  TWIN  TRIODE 

Miniature  type  used  in  high-gain,  resistance-coupled, 
low-level  audio  amplifiers  such  as  preamplifiers  for 
stereo  phonographs.  Outlines  section,  6B;  requires 
miniature  9-contact  socket.  For  typical  operation  as 
resistance-coupled  amplifier,  refer  to  Resistance-Coupled 
Amplifier  section. 


Heater  Voltage  (ac/dc)  . . . . . 

Heater  Current  . . 

Heater  Warm-up  Time  (Average)  . 

Heater-Cathode  Voltage : 

Peak  value  . . . 

Average  value  . . . . . 

Direct  Interelectrode  Capacitances :  Unit  No.l 

Grid  to  Plate  . . . .  ■  1-5 

Grid  to  Cathode  and  Heater  .  1.6 

Plate  to  Cathode  and  Heater  .  0.2 

Class  A1  Amplifier  (Each  Unit)  : 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . . . 

Grid  Voltage : 

Negative-bias  value  . . . . 

Positive-bias  value  . . . • . . 

Plate  Dissipation  . . . * . 


CHARACTERISTICS 

Plate  Voltage  . 

Grid  Voltage  . 

Amplification  Factor  . 

Plate  Resistance  (Approx.) 

Transconductance  . 

Plate  Current  . 


100 
— 1 
100 
soooo 

1250 

0.5 


9PG 


20 

volts 

0.1 

ampere 

20 

seconds 

±200  max 

volts 

100  max 

volts 

Unit  No.2 

1.5 

"  pP 

1.6 

pF 

,  0.3 

pF 

330 

volts 

• — 55 

volts 

0 

volts 

1.2 

watts 

250 

volts 

—2 

volts 

100 

62500 

ohms 

1600 

jurnhos 

1.2 

mA 

o  100  200  300  400 

PLATE  VOLTS  92CS-I0804T 


21EX6 

Refer  to  chart  at  end  of  section. 

21GY5 

Refer  to  type  6GY5. 

21HB5 

Refer  to  type  6HB5. 

21HJ5 

Refer  to  type  6HJ5. 

21JV6 


Refer  to  type  33JV6, 
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12GD 


BEAM  POWER  TUBE  21JZ6 

Duodecar  type  used  as  horizontal-deflection  amplifier 
in  television  receivers.  Outlines  section,  15C;  requires 
duodecar  12-contact  socket.  Heater:  volts  (ac/dc),  21; 
amperes,  0.45;  average  warm-up  time,  11  seconds; 
maximum  heater-cathode  volts,  ±200  peak,  100  aver¬ 
age. 


Glass  Ai  Amplifier 


CHARACTERISTICS 


Plate  Voltage  . . 

Grid  No.3  (Suppressor  Grid)  . - 

Grid-No.  2  (Screen-Grid)  Voltage  - 

Grid-No.  1  (Control-Grid)  Voltage  .... 

Amplification  Factor  . . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . . . . 

Plate  Current  . 

Grid-No.  2  Current  . . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate 
current  of  1.0  mA  . 


Triode4 

Connection 

Pentode  Connection 

130 

5000 

50 

130 

volts 

Connected 

to  cathode 

at  socket 

_  - 

130 

130 

130 

volts 

—20 

— 

0 

—20 

volts 

4.8 

. — 

— 

_ 

9900 

ohms 

_ 

— 

—  ■ 

9000 

//mhos 

__  ■ 

450 

46 

mA 

—  . 

— 

29 

1.8 

mA 

—64 

. 

—32 

volts 

*  Grid  No.2  connected  to  plate. 

Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 


Plate  Supply  Voltage  . 770 

Peak  Positive-Pulse  Plate  Voltage#  . .  6500 

Peak  Negative-Pulse  Plate  Voltage  .  1500 

DC  Grid-No.3  Voltage,  Positive-bias  value  .  70 

Grid-No. 2  Voltage  . . . . . . 220 

DC  Grid-No.l  Voltage,  Negative-bias  value  . . . . .  — 55 

Peak  Negative-Pulse  Grid-No.l  Voltage  . . .  — 330 

Peak  Cathode  Current  .  . . 800 

Average  Cathode  Current  . . . .  .  .  . .  . .  230 

Plate  Dissipation*  . . . .  . . . .  18 

Grid-No. 2  Input  .  . . . . . .  3.5 

Bulb  Temperature  (At  hottest  point)  .  220 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l -Circuit  Resistance  .  1.0 


volts 

volts 

volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

°C 


megohm 


»  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


KT  <3t 

9QT 


HIGH-MU  TRIODE— 
BEAM  POWER  TUBE 


21LR8 


Novar  type  used  in  combined  vertical-deflection- 
oscillator  and  vertical-deflection-amplifier  applications 
in  color  and  black-and-white  television  receivers.  Out¬ 
lines  section,  17E ;  requires  novar  9-contact  socket. 
Heater:  volts,  21;  amperes,  0.45;  average  warm-up 
time,  11  seconds;  maximum  heater-cathode  volts, 
±200  peak,  100  average. 


Class  Ai  Amplifier 


CHARACTERISTICS 

Triode  Unit 

Bea 

m  Power  Unit 

Plate  Voltage  . 

250 

45 

135 

120 

volts 

Grid-No.2  (Screen-Grid)  Voltage  .  .  . 

—  ■ 

125 

120 

120® 

volts 

Grid-No.l  (Control-Grid)  Voltage  . . . 

—4 

0 

—10 

—10 

volts 

Amplification  Factor  . . 

58 

— 

— 

6.5 

Plate  Resistance  (Approx.)  . 

14000 

—  • 

14000 

— 

ohms 

Transconductance  . . 

4100 

— 

9200 

— 

jimhos 

Plate  Current  .  .  .  . . 

2.6 

200* 

51 

— 

mA 

Grid-No.2  Current  . . . . 

— *  ■ 

200* 

3 

*— 

mA 
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Grid-No.l  Voltage; 

For  plate  current  of  10  //A.  . 
For  plate  current  of  100  //A 
For  plate  current  of  1  mA  . 


-0.6 


—28 

—24 


volts 

volts 

volts 


•  Triode  connection,  Grid  No. 2  connected  to  plate  at  socket. 

"  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 

Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Grid-No.  2  Voltage  . . 

Peak  Positive-Pulse  Plate  Voltage#  . . 

Peak  Negative-Pulse  Grid-No. 1  Voltage  . 

Peak  Cathode  Current  . . 

Average  Cathode  Current  . . 

Peak  Power  Output  . . . 

Plate  Dissipation*  . . . 

Grid-No. 2  Input*  . . . 

Bulb  Temperature  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance ; 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

*  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 


’riode  Unit 

Beam  Power  Unit 

Oscillator 

Amplifier 

400 

400 

volts 

300 

volts 

■„ 

2500 

volts 

—400 

—250 

volts 

105 

260 

mA 

30 

75 

mA 

2,5 

— 

watts 

2.5 

14 

watts 

2.75 

watts 

—  ■ 

210 

°c 

1.0 

megohm 

Z2 

2.2 

megohms 

22 

22BH3 

22BH3A 


Refer  to  chart  at  end  of  section. 
Refer  to  type  6BH3A. 


22BW3 


HALF-WAVE 
VACUUM  RECTIFIER 


Duodecar  type  used  as  damper  tube  in  horizontal-de¬ 
flection  circuits  of  television  receivers.  Outlines  sec¬ 
tion,  8D;  requires  duodecar  12-contact  socket.  \s 

Heater  Voltage  (ac/dc)  . . 

Heater  Current  . . . . 

Heater  Warm-up  Time  . 

Direct  Interelectrode  Capacitances : 

Cathode  to  Heater  and  Plate  . . . . 

Plate  to  Cathode  and  Heater  . . . .  •  •  . . 

Heater  to  Cathode . . . . . . . . . 

Damper  Service 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . ■  •  •  . . . 

Peak  Plate  Current . . . . 

Average  Plate  Current  . . . . . . 

Plate  Dissipation  . *  • : . 

Heater-Cathode  Voltage :  - 

Peak  value  .  d 

Average  value  . 

CHARACTERISTICS,  Instantaneous  Value 
Tube  Voltage  Drop  for  plate  current  of  350  mA 


1C  (£)  (j 

r)  IC 

“SS 

i\®lc 

cdl  1  L 

/®p 

/77\ 

[ 12 ) 

H 

H 

12FX 

22.4 

volts 

0.45 

ampere 

11 

seconds 

8.5 

pF 

6.0 

pF 

3.8 

pF 

5000 

1100 

175 

6.5 

—5000 

—900 

32 


volts 

mA 

mA 

watts 

volts 

volts 

volts 


#  Pulse  duration  must  not  exceed  15%  of  one  horizontal  scanning  cycle  (10  microseconds). 

22D14  Refer  to  type  6DE4. 

22JF6  Refer  to  chart  at  end  of  section. 

22JG6  Refer  to  chart  at  end  of  section. 
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Refer  to  type  6JG6A. 


22JG6A 


9QL 


BEAM  POWER  TUBE  22JU6 

Novar  type  used  as  horizontal  deflection  amplifier  in 
low-B-f-  black-and-white  television  receivers.  Outlines 
section,  18 A;  requires  novar  9-contact  socket. 


Heater  Voltage  (ac/dc)  . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . . . 

Heater-Cathode  Voltage : 

Peak  value  . . . .  . . 

Average  value  . . . . 

Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .... 

Class  A,  Amplifier 


22 

volts 

0.45 

ampere 

11 

seconds 

±200  max 

volts 

100  max 

volts 

1.2 

pF 

22 

pF 

9 

pF 

CHARACTERISTICS 

Plate  Voltage  . 

Grid  No.  3  (Suppressor  Grid)  . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage  . . 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . . . . 

Crid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for  plate  current 
of  1  m  A . . 


Triode 

Pentode 

Connection* 

Connection 

125 

50 

130 

volts 

Connected  to  cathode  at  socket 

_ _ 

125 

125 

volts 

—20 

0 

—20 

volts 

5 

— 

18000 

ohms 

— 

— 

7000 

/umhos 

— 

470* 

45 

mA 

— 

28" 

1.5 

mA 

_ 

— 

—32 

volts 

*  Grid  No.2  connected  to  plate. 

«  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage .  770  volts 

Peak  Positive-Pulse  Plate  Voltage#  .  6500  volts 

Peak  Negative-Pulse  Plate  Voltage  .  — 1500  volts 

DC  Grid-No.3  Voltage* . . . 75  volts 

DC  Grid  No.2  Voltage . 220  volts 

DC  Grid-No.l  Voltage . .  .  . . . .  . .  — 55  volts 

Peak  Negative-Pulse  Grid-No.l  Voltage  .  — 330  volts 

Peak  Cathode  Current  . 850  mA 

Average  Cathode  Current  .  245  mA 

Plate  Dissipation!  . . 17  watts 

Grid-No.2  Input  . . ............ . 3.5  watts 

Bulb  Temperature  (At  hottest  point)  . 240  °C 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance,  for  grid-No.l -resistor-bias  operation  ..  2.2  megohms 


*  In  this  service,  a  positive  voltage  may  be  applied  to  grid  No.3  to  minimize  “snivets’v  inter¬ 
ference  ;  a  typical  value  for  this  voltage  is  30  volts. 

f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation, 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


DUAL  TRIODE— 

BEAM  POWER  TUBE 

Duodecar  type  used  in  combined  vertical-deflection- 
oscillator  and  vertical-deflection-amplifier  applications 
in  television  receivers.  Outlines  section,  8B;  requires 
duodecar  12-contact  socket.  Heater:  volts  (ac/dc),  23; 
amperes,  0.45;  average  warm-up  timer  11  seconds; 
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maximum  heater-cathode  volts,  ±200  peak,  100  average. 


Class  At  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.  2  (Screen- Grid)  Voltage  .... 
Grid-No.  1  (Control-Grid)  Voltage  .... 

Amplification  Factor  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Plate  Current  . ... . . . . . . ............ 

GridrNo.2  Current  . . 

Grid-No.  1  Voltage  (Approx.)  for  plate 

current  of  100  fi A  . 

Grid  Voltage  (Approx.)  for  plate 
r  current  of  10  fiA . 


Triode  Triode  Beam  Power 


Unit  No.l  Unit  No.2  Unit 


160 

150 

45 

120 

volts 

— 

— 

110 

no 

volts 

- — 2 

— 5 

0 

. 8  ■  ;."V  ■; 

volts 

43 

11000 

i'A  20  a 

8600 

— 

11700 

ohms 

3900 

2350 

— 

7100 

/tmhos 

5.4 

5.5 

122 

46 

mA 

— 

16.6 

3.5 

mA 

— 

'  •—  • 

— 

—25 

volts 

—5.7 

—11 

— 

—  . 

volts 

Vertical-Deflection  Oscillator  and  Amplifier 

For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . 

Peak  Positive-Pulse  Plate  Voltage#  . 

Grid-No.2  Voltage  . . . . 

Peak  Negative-Pulse  Grid-No.l  Voltage  ...... 

Grid  Voltage,  Positive-bias  value  . . 

Plate  Dissipation  . ... . . .  ... . . . . . 

Grid-No.2  Input  . i  -  - . 

Peak  Cathode  Current  . . . . . . . . 

Average  Cathode  Current  . . ...... 

Peak  Plate  Current  . . . . 

Average  Plate  Current  . . .  ..... 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  3  -Circuit  Resistance : 

For  fixed-bias  operation  . . . 


Triode 

Triode 

Beam  Power 

Unit  No.l 

Unit  No.2 

Unit 

Amplifier 

Oscillator 

Amplifier 

330 

250 

250 

volts 

— - 

2000 

volts 

_ 

_ 

200 

volts 

—400 

150 

volts 

0 

— 

— - 

volts 

125 

1.0 

7.0 

watts 

_ _ 

— 

1.8 

watts 

■  ■  ■  ■ _ 

_ _ 

245 

mA 

■  •  ___  ■ 

■: _ 

70 

mA 

_ _ 

70 

■ — 

mA 

.  — 

20 

—  ; 

mA 

0.5 

l.O 

1.0 

megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds)* 


24A 

Refer  to  chart  at  end  of  section. 

24JE6A 

Refer  to  type  6JE6A. 

25A6 

25A6GT 

Refer  to  chart  at  end  of  section. 

25A7GT 

Refer  to  chart  at.  end  of  section. 

25AC5GT 

Refer  to  chart  at  end  of  section* 

25AV5GA 

Refer  to  type  6AV5GA. 

25AX4GT 

Refer  ty  type  6AX4GTB, 

25B5 

Refer  to  chart  at  end  of  section. 

25B6G 

Refer  to  chart  at  end  of  section. 

25B8GT 

Refer  to  chart  at  end  of  section. 

25BK5 

Refer  to  chart  at  end  of  section. 

25BQ6GT 

Refer  to  chart  at  end  of  section. 

25BQ6GTB/  25CU6 

Refer  to  type  6BQ6GTB/ 6CU6, 

25C5 

Refer  to  type  5005. 

25C6G 

Refer  to  chart  at  end  of  section* 

25CA5 

Refer  to  type  6CA5, 

25CD6GA 

Refer  to  chart  at  end  of  section* 

25CD6GB 

Refer  to  type  6CD6GA, 

Technical,  Data 
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Refer  to  type  6BQ6GTB/6GU6.  25CU6 


5BT 


BEAM  POWER  TUBE  25Dm 

Glass  octal  type  used  as  horizontal-deflection  amplifier 
in  television  receivers.  Outlines  section,  21;  requires 
octal  socket.  Vertical  tube  mounting  is  preferred  but 
horizontal  operation  is  permissible  if  pins  1  and  3  are 
in  vertical  plane. 


Heater  Voltage  (ac/de)  . . . . . . 

Heater  Current  - - - -  - - - - * . 

Heater  Warm-up  Time  (Average)  .  . . .  ... > . .  .v.  ..•■  • 

Heater-Cathode  Voltage : 

Peak  value  . . . . 

Average  value  . . . . . 

Class  Ai  Amplifier 


CHARACTERISTICS 

Plate  Voltage  .  . . . .  50 

Grid-No.2  (Screen-Grid)  Voltage  . . .  100 

Grid-No. 1  (Control-Grid)  Voltage  ...  . .  0 

Mu  Factor,  Grid-No.2  to  Grid  No.i  . .  — * 

Plate  Resistance  . .  . . . .  — 

Trans  conductance  . . . .  . .  — 

Plate  Current  . . . . . . .  240* 

Grid-No.2  Current  . . .  30* 


Grid-No.l  Voltage  (Approx.)  for  plate  current  of 
0.5  mA  . . . 


25 

volts 

0.6 

ampere 

11 

seconds 

±200  max 

volts 

100  max 

volts 

125 

volts 

125 

volts 

—Iff 

volts 

4.35 

4000 

ohms 

9000 

/tmhos 

70 

mA 

6.3 

.  mA 

—30 

volts 

•  These  values  can  be  measured  by  a  method  involving  a  recurrent  waveform  such  that  the 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Horizontal-Deflection  Amplifier 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design -Center  Values) 

DC  Plate  Voltage . . . 700  volts 

Peak  Positive-Pulse  Plate  Voltage#  (Absolute  Maximum)  . ...  6600a  volts 

Peak  Negative-Pulse  Plate  Voltage  . .  . .  — -1500  volts 

DC  Grid-No.2  (Screen-Grid)  Voltage . . .  ... . .  175  volts 

Peak  Negative-Pulse  Grid-No.1  (Control-Grid)  Voltage  . .  — 200  volts 

Peak  Cathode  Current  . . 700  mA 

Average  Cathode  Current  . 200  mA 

Plate  Dissipation1}*  . . 15  watts 

Grid-No.2  Input  . 3  watts 

Bulb  Temperature  (At  hottest  point)  . . . 225  °C 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . 0.47  megohm 


,#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microsecond^), 
n  Under  no  circumstances  should  this  absolute  value  be  exceeded. 


t  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  ^citation. 


Refer  to  chart  at  end  of  section. 


25EC6 


Refer  to  type  6EH5. 


25EH5 


7CV 


BEAM  POWER  TUBE  25F5A 

Miniature  type  used  in  audio-output  stage  of  ac/dc 
radio  receivers  employing  series-connected  heater 
strings.  Outlines  section,  5D;  requires  mihiature  7- 
contact  socket. 


Heater  Voltage  (ac/dc)  .  .  25  .  .  ...  volts 

Heater  Current  . . . . .  0.15  ampere 
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Heater  Warm-up  Time  (Average)  . . * 

Heater-Cathode  Voltage : 

Peak  value  . . . *  . . 

Average  value  . . 

Direct  .Interelectrode  Capacitances  (Approx.): 

Grid  No.  1  to  Plate  .. .. *  . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.  3  - 

Plate  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3  . 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . 

Grid-No.2  (Screen-Grid)  Voltage  . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-hias  value  . . 

Plate  Dissipation  . . .  •  . . 

Grid-No.2  Input  . •  ‘ \ . 

Bulb  Temperature  (at  hottest  point)  . 

TYPICAL  OPERATION  AND  CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  .  . . 

Peak  AF  Grid-No.l  Voltage  . . . . 

Plate  Resistance  (Approx.)  . 

Transconductance  . . 

Zero-Signal  Plate  Current  . .  . . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . . . 

Maximum-Signal  Grid-No.2  Current  . 

Effective  Load  Resistance  . v . . 

Total  Harmonic  Distortion  . . . 

Maximum-Signal  Power  Output  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . * . 

For  cathode-bias  operation  . . . . . *  *  -  * . . 

Push-Pull  Class  ABi  Amplifier 

MAXIMUM  RATINGS  (Same  as  for  class  ABi  amplifier) 

TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Voltage  . 

Grid-No.2  Voltage  . 

Grid-No.l  Voltage  . •  •  •  ■  •  •  ■  ■  . . . . .  * 

Peak  AF  Grid-No.  1-to-Gnd-No.l  Voltage  . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current  . . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  . . . . . . . 

Effective  Load  Resistance  (Plate-to-plate)  . . 

Total  Harmonic  Distortion  . . . 

Maximum-Signal  Power  Output  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l -Circuit  Resistance : 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . . . . 


17 

seconds 

±200  max 

volts 

100  max 

volts 

0.44 

pF 

12 

pF 

8 

pF 

150 

volts 

130 

volts 

0 

volts 

5.5 

watts 

1.1 

watts 

220 

°C 

110 

volts 

no 

volts 

—7.5 

volts 

—7.5 

volts 

13000 

ohms 

0400 

/tmhos 

43 

mA 

45 

mA 

3.8 

mA 

7.3 

mA 

2500 

ohms 

7 

per  cent 

1.5 

watts 

0.1  megohm 

0.5  megohm 


110 

Volt* 

110 

volts 

—8 

volts 

14.4 

volts 

82 

mA 

88 

mA 

7.2 

mA 

12.5 

mA 

4500 

ohms 

2.6 

per  cent 

2.9 

watts 

0.1 

megohm 

0.5 

megohm 

25L6 

25L6GT 

25N6G 

25W4GT 

25Y5 

25Z5 

25Z6 

25Z6GT 

26 

27 

27GB5/P1500 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  type  6GB5. 
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Refer  to  chart  at  end  of  section.  30 

Refer  to  chart  at  end  of  section.  31 

Refer  to  type  6JS6.  31JS6A 

Refer  to  chart  at  end  of  section.  32 

Refer  to  chart  at  end  of  section.  32ET5 


03 

7CV 


POWER  PENTODE  32ET5A 

Miniature  type  used  in  audio  output  stage  of  compact 
ac/dc  radio  receivers,  Outlines  section,  5D;  requires 
miniature  7-contact  socket.  Heater:  volts  (ac/dc),  32; 
amperes,  0.1;  warm-up  time  (average),  20  seconds; 
maximum  heater-cathode  volts,  zt200  peak,  100  average. 


Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Plate  Dissipation  . 

Grid-No.2  Input  . 

TYPICAL  OPERATION  AND  CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  Voltage  . . . 

Grid-No.  1  (Control-Grid)  Voltage  . 

Peak  AF  Grid-No.  1  Voltage  . 

Zero-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . 

Plate  Resistance  (Approx.)  .  .  .  . . .  . , 

Transconductance  . . .  . .  ........... ...  . 

Load  Resistance  . 

Total  Harmonic  Distortion  . . . 

Maximum-Signal  Power  Output  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . .  . . . . 


150 

volts 

130 

volts 

5.4 

watts 

1.2 

watts 

110 

volts 

110 

volts 

—7.5 

volts 

7.5 

volts 

30 

mA 

2.8 

inA 

21500 

ohms 

5500 

/tmhos 

2800 

ohms 

10 

per  cent 

1.2 

watts 

0.5 

megohm 

0.1 

megohm 

Refer  to  chart  at  end  of  section.  32L7GI 

Refer  to  chart  at  end  of  section.  33 


DIODE— BEAM  POWER  TUBE  33GT7 

Duodecar  type  used  in  television  receiver  applications. 
The  diode  unit  is  used  for  damper  service  and  the 
beam  power  unit  for  horizontal-deflection  amplifier 
service.  Outlines  section,  15A;  requires  duodecar  12- 
contact  socket.  Heater:  volts  (ac/dc),  33.6;  amperes, 
0.45;  warm-up  time,  11  seconds;  maximum  heater- 
cathode  volts,  ±:200  peak,  100  average. 

Beam  Power  Unit  as  Class  A*  Amplifier 

Triodef 

CHARACTERISTICS  Pentode  Connection  Connection 


Plate  Voltage  . 

3500 

60 

130 

130 

volts 

Grid-No.2  (Screen-Grid)  Voltage 

130 

130 

130 

130 

volts 

Grid-No.l  (Control-Grid)  Voltage 

.  — . 

0 

—22.5 

—22.5 

volts 

Amplification  Factor  . 

.  — .  . 

— 

: — 

4 

Plate  Resistance  (Approx.)  . 

— — 

— 

10000 

. — 

ohms 

Transconductance  . . 

— 

— 

6500 

- — . 

jtimhos 

Plate  Current  . 

—  .  . 

.  320 

48 

__ 

mA 

Grid-No.2  Current  . 

Grid-No.l  Voltage  (Approx.)  for 

plate 

— 

22 

2.9 

— 

mA 

current  of  1  mA  . 

t  Grid  No.2  tied  to  plate. 

—60 

—40 

volts 

NC  1C 
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Beam  Power  Unit  as  Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Ratings) 

Plate  Voltage  . . . . .  400 

Peak  Positive-Pulse  Plate  Voltage#  . .  .  .  . . . .  3500 

Peak  Negative-Pulse  Plate  Voltage  . . . .  0 

Grid-No.2  Voltage  . . . . . . .  150 

DC  Grid-No.  1  DC  Voltage,  Negative-bias  value  - ... . . >.  —55 

Peak  Negative-Pulse  Grid-No.  1  Voltage  . .  • — 330 

Average  Cathode  Current  .  140 

Peak  Cathode  Current  .  490 

Plate  Dissipation ■  . . .  . .» ,  ■.■*>  .  .•>: . .  fi .  . . ; .  9 

Grid-No.2  Input  .  . . . ... . . .  •  - ..... . ; .  . .  2.5 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance  . . . . . .  1 

*  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 

Damper  Service— Diode  Unit 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  .  2500 

Peak  Plate  Current  . .  .  .  .  . . . .  750 

Average  Plate  Current  . . . . *  125 

Plate  Dissipation  . 3.5 

Heater-Cathode  Voltage: 

Peak  value . .  . . .  +200  * — 2o00 

Average  value  . .  +100  —400 

Bulb  Temperature  (at  hottest  point)  .  220 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  250  raA  . .  21 


volts 

volts 

volts 

volts 

volts 

volts 

mA 

mA 

watts 

watts 

megohm 


volts 

mA 

mA 

watts 

volts 

volts 

°C 

volts 


#  Pulse  duration  must  not  exceed  16%  of  a  horizontal  scanning  cycle  (10  microseconds). 


33GY7  DIODE— BEAM  POWER  TUBE 

Duodecar  type  used  as  combined  damper  diode  and 
horizontal-deflection  amplifier  in  television  receivers. 
Outlines  section,  15A;  requires  duodecar  12-contact 
socket.  Heater:  volts  (ac/dc),  33.6;  amperes,  0.45; 
warm-dp  time  (average),  11  seconds. 


Beam  Power  Unit  as  Class  Ax  Amplifier 


CHARACTERISTICS 

Plate  Voltage  \  . . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage 

Amplification  Factor  . . 

Plate  Resistance  (Approx.)  ..  . . . 

Transconductance  ................... 

Plate  Current  . . 

Grid-No.2  Current  . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate 

current  of  1  mA  . . » . 

*  Grid  No.  2  tied  to  plate. 


Triode* 

Pentode  Connection 

Connection 

5000 

60 

130 

130 

130 

130 

130 

130 

0 

—22.5 

—22.5 

A 

_ 

. 

10000 

4 

, — 

■  — .  •  • 

6500 

— 

— . 

320  “ 

48 

- : 

“ 

22“ 

2.9 

- . 

—80 

— 

—40 

— 

»  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


Beam  Power  Unit  as  Horizontal-Deflection  Amplifier 


volts 

volts 

volts 

.  ohms 
/anhos 
mA 
mA 

volts 


that  the 


For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . . . . . . 

Peak  Positive- Pulse  Plate  Voltage#  - - - 

Peak  Negative- Pulse  Plate  Voltage  . . . . . 

DC  Grid-No.2  Voltage  - - -  . - - 

DC  Grid-No.l  Voltage  .  . . . ..  : . . . 

Peak  Negative-Pulse  Grid-No.l  Voltage  . . 

Peak  Cathode  Current  . . . . . 

Average  Cathode  Current  . • . . . 

Plate  Dissipation!  . . . *  •  * 


400 

volts 

5000 

volts 

0 

volts 

150 

volts 

—55 

volts 

—330 

volts 

540 

mA 

155 

mA 

9 

watts 
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Grid-No.2  Input  . . . * . *  =  »  & 

Heater-Cathode  Voltage: 

Peak  value  . . . . . . .  —200 

Average  value  . . .... . ..... i . . ..... ...................  10d 

MAXIMUM  CIRCUIT  VALUE 

Grid-No. 1-Cfreuit  Resistance  . . . 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10 
f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of 

Pamper  Service  (Diode  Unit) 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values)  * 

Peak  Inverse  Plate  Voltage#  ....  . 

Peak  Plate  Current  . . . . 

Average  Plate  Current  ......  ... . . . *  •  •  •  * - 

Plate  Dissipation  . . . . . .  . .  . .  .  .  .  . 

Heater-Cathode  Voltage :  * 

Peak  value  . . . . . .  -f-200 

Average  value  . . . : . .  +100' 

Bulb  Temperature  (At  hottest  point)  . . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  250  mA  . . .  21 


watts 


volts 

volts 


megohm 
microseconds) . 
expiration. 


4200 

810: 

135 

3.8 

-4200 

—400 

200 


yolts 

mA 

mA 

watts 


#  Pulse 

duration 

must 

NC  P 

NC 

NC 

(jD 

^7</8 

) 

G30C 

®NC 

j®G3 

(gjC 

Jl) 

K  ( 

y — Ts) 

H 

H 

12FK 

■  -  yolts 
volts 
°C 

volts 

microseconds). 


33JV6 

BEAM  POWER  TUBE  2i  m 

Duodecar  type  used  as  horiz  ontal-deflectioir  amplifier 
in  television  receivers.  Outlines  section,  15B;  requires 
duodecar  12-contact  socket.  Type  21JVG  is  identical 
with  type  33JV6  except  for  heater  ratings. 


21TV6  33.IV0 

Heater  Voltage  (ac/dc)  . . 21  33  volts 

Heater  Current  .  0.45  0.8  ampere 

Heater  Warm-up  Time  (Average)  . 11  11  seconds 

Heater-Cathode  Voltage: 

Peak  value  . ±200  max  ±200  max  volts 

Average  value  .  100  max  TOO  max  volts 


Class  Ax  Amplifier 


CHARACTERISTICS 


Triode* 

Connection  Pentode  Connection 


Plate  Voltage  . 

Grid  No. 3  (Suppressor  Grid)  . 

130 

5000 

Connected 

60  130 

to  cathode  at  socket. 

volts 

Grid-No.2  (Screen-Grid)  Voltage  .... 

130 

130 

130 

130 

volts 

Grid-No.l  (Control-Grid)  Voltage  .... 

—20 

— 

0 

—20 

volts 

Plate  Resistance  (Approx.)  . . . 

— 

11000 

ohms 

Transconductance  . 

......  — 

.  — 

■  — _ 

9100 

/xmhos 

Plate  Current  . . 

— 

410 

50 

mA 

Grid-No.l  Current  . . 

Grid-No.l  Voltage  (Approx.)  for  plate 
current  of  1  mA  . 

— 

w* 

24 

1.75 

mA 

.,  - 

—66 

— 

— 38 

volts 

Amplification  Factor  . . 

•  Grid  No. 2  tied  to  plate. 

4.7 

Horizontal-Deflection  Amplifier 


For  operation  in  a  525-line,  30-frame  system 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

DC  Plate  Supply  Voltage  . . . 

Peak  Positive-Pulse  Plate  Voltage#  . . . 

Peak  Negative-Pulse  Plate  Voltage  . . 

DC  Grid-No.3  Voltage  . . . 

DC  Grid-No.2  Voltage  . . 

DC  Grid-No.1  Voltage,  Negative-bias  value  . 

Peak  Negative-Pulse  Grid-No.l  Voltage  . 

Average  Cathode  Current  . 

Peak  Cathode  Current  . ; .  v . . 

Plate  Dissipation**  ...... . 

Grid-No.2  Input  . .  . . . . . 

Bulb  Temperature  (At  hottest  point)  . . 


770 

volts 

6000 

volts 

-1500 

volts 

70 

volts 

220 

volts 

—55 

volts 

—330 

volts 

230 

mA 

800 

mA 

18 

watts 

8.5 

watts 

220 

°C 
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MAXIMUM  CIRCUIT  VALUE  , 

Grid-No.  1 -Circuit  Resistance  . . .  1  megohm 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 

**  A  bias  resistor  or’  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 

34  Refer  to  chart  at  end  of  section, 

34GOS  Refer  to  chart  at  end  of  section. 


34GD5A  beam  power  tube 

Miniature  type  used  in  audio  output  stages  of  compact 
ac/dc  radio  receivers.  Outlines  section,  5D;  requires 
miniature  7-contact  socket.  Heater:  volts  (ac/dc),  34; 
amperes  0.1;  warm-up  time,  20  seconds;  maximum 
heater-cathode  volts,  ±200  peak,  100  average. 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . V . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage: 

Negative-bias  value  . . 

Positive-bias  value  . 

Plate  Dissipation  . . .  . . 

Grid-No.2  Input,  . . . 

Bulb  Temperature  (At  hottest  point)  . . . 

TYPICAL  OPERATION  AND  CHARACTERISTICS 

Plate  Voltage  . . . . 

Grid-No.2  Voltage  . . 

Grid-No.l  Voltage  . . . 

Peak  AF  Grid-No J  Voltage  . . . . 

Zero-Signal  Plate  Current  . . . 

Zero-Signal  Grid-No.2  Current  . .  ■  - - 

Plate  Resistance  (Approx.)  . . . . 

Transconductance  . . .  .  . . . . 

Load  Resistance  . _ . . 

Total  Harmonic  Distortion  . .  . . . 

Maximum-Signal  Power  Output  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Clrcuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . 


Q  50  I0O  150  200 

PLATE  VOLTS  92CS-I0779T 


150 

volts 

130 

volts 

—50 

volts 

0 

volts 

5 

watts 

1.1 

watts 

250 

°C 

110 

volts 

110 

volts 

—7.5 

volts 

7.5 

volts 

35 

mA 

3 

mA 

13000 

ohms 

5700 

/i  mhos 

2600 

ohms 

10 

per  cent 

1.4 

watts 

0.1  megohm 

0.5  megohm 


35 

35A5 

35B5 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
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BEAM  POWER  TUBE  35C5 


1 CV 


Miniature  type  used  in  output  stage  of  compact,  ae/dc 
radio  receivers.  Outlines  section,  5D;  requires  miniature 
7-contact  socket.  This  tube,  like  other  power-handling 
tubes,  should  be  adequately  ventilated.  Except  for  ter¬ 
minal  connections  and  slightly  higher  ratings,  type 
35C5  is  equivalent  in  performance  to  miniature  type 
35B5  and,  within  its  maximum  ratings,  to  glass  octal 
type  35L6GT. 


Heater  Voltage  (ac/dc)  . . 

Heater  Current  ; . : . . . . 

Heater-Cathode  Voltage : 

Peak  value  . .  . . . 

Average  value  . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No, 2,  and  Grid  No.3  ... 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Plate  Dissipation  . . . : . 

Grid-No.2  Input  . . 

Bulb  Temperature  (At  hottest  point)  . . . 

TYPICAL  OPERATION 

Plate  Voltage  . . . 

Grid-No.2  Voltage  .  . 

Grid-No.  1  (Control-Grid)  Voltage  . 

Peak  AF  Grid-No.l  Voltage  . . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current 

Maximum-Signal  Grid-No.2  Current  . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . . 

Load  Resistance  . . . . . .......... 

Total  Harmonic  Distortion  . . . . . . . . . .....  V  . . 

Maximum-Signal  Power  Output  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . 


35  volts 

0.15  ampere 


±200  max 

volts 

100  max 

volts 

0.6 

pF 

12 

PF 

9 

pF 

150 

volts 

130 

volts 

5.2 

watts 

1.1 

watts 

250 

°C 

110 

volts 

110 

volts 

— 7.5 

volts 

7.5 

volts 

40 

raA 

41 

mA 

3 

mA 

7 

mA 

13000 

ohms 

5800 

/imhos 

2500 

ohms 

10 

per  cent 

1.6 

watts 

0.1 

megohm 

0.5 

megohm. 
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s  ^  ;r  Installation  and  Application 

The  35-volt  heater  is  designed  to  operate  under  the  normal  conditions 
of  line-voltage  variation  without  materially  affecting  the  performance  or 
serviceability  of  the  35C5.  For  operation  of  the  35C5  in  series  with  other 
types  having  0.15-ampere  rating,  the  current  in  the  heater  circuit  should 
be  adjusted  to  0.15  ampere  for  the  normal  supply  voltage. 

In  a  series-heater  circuit  of  the  “dc-power  line"  type  employing  sev¬ 
eral  0.15-ampere  types  and  one  or  two  35C5s,  the  heater(s)  of  the  35C5(s) 
should  be  placed  on  the  positive  side  of  the  line.  Under  these  conditions, 
heater-cathode  voltage  of  the  35C5  must  not  exceed  the  value  given  under 
maximum  ratings.  In  a  series-heater  circuit  of  the  “universal"  type  em¬ 
ploying  rectifier  tube  35W4,  one  or  two  35C5s  and  several  0.15-ampere 
types,  it  is  recommended  that  the  heater (s)  of  the  35C5(s)  be  placed  in 
the  circuit  so  that  the  higher  values  of  heater-cathode  bias  will  be  im¬ 
pressed  on  the  35C5(s)  rather  than  on  the  other  0.15-ampere  types.  This  is 
accomplished  by  arranging  the  35C5(s)  on  the  side  of  the  supply  line  which 
is  connected  to  the  cathode  of  the  rectifier,  i.e.,  the  positive  terminal  of  the 
rectified  voltage  supply.  Between  this  side  of  the  line  and  the  35C5(s),  any 
necessary  auxiliary  resistance  and  the  heater  of  the  35W4  are  connected 

in  series.  t  , 

As  a  power  amplifier  (class  Ai),  the  35C5  is  recommended  for  use  either 
singly  or  in  push-pull  combination  in  the  power-output  stage  of  ac/dc  re¬ 
ceivers.  The  operating  values  shown  under  typical  operation  have  been  de¬ 
termined  on  the  basis  that  grid-No.l  current  does  not  flow  during  any  part 
of  the  input  cycle* 

35028  Refer  to  chart  at  end  of  section. 


35EH5  POWER  PENTODE 

Miniature  type  used  in  the  audio  output  stage  of  radio 
and  television  receivers  and  in  phonographs.  Outlines 
section,  5D;  requires  miniature  7-contact  socket. 

Heater  Voltage  (ac/dc)  . . . . * . .  • 

Heater  Current  . . * . . . 

Heater-Cathode  Voltage: 

Peak  value  . . . . . ... . . ... . 

Average  value  . . . . .  . . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  ..........  ... ...  .... .  .  ■•*;*••!** . * 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  ...... 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  ......... , 

Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  -  ....... - . . .  .^V, .  i ..... . 

Grid-No.2  (Screen-Grid)  Voltage  ........  .  .  .  ....  .  ■  • .  . ... . . . . .  •  • .  •  * » 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  ..... ... 

Plate  Dissipation  - - - - - - .  • .  .  . ....  >  •  *  •  -  >  V  •  •  •*  • .» I  •  •  *  ■  • 

Grid-No.2  Input  . . . .  v .  . . .  rju  . . . . . ....  ■  •  • «  •> . *.<••••• 

Bulb  Temperature  (At  hottest  point)  .  . .v.  v . . . . ........ . . ... . . . 

TYPICAL  OPERATION 

Plate  Supply  Voltage  . . . . . . . .  i  . . ..." . . . 

Grid-No.2  Supply  Voltage  . 

Cathode-Bias  Resistor  . . . . 

Peak  AF  Grid-No.l  Voltage  . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  . . . . 


g3 

7CV 


35 

volts 

0.15 

ampere 

±200  max 

volts 

100  max 

volts 

0.65 

pF 

17 

pF 

9 

PF 

150 

volts 

130 

volts 

0 

volts 

5 

watts 

1.75 

watts 

225 

°C 

HO 

volts 

115 

volts 

62 

ohms 

3 

volts 

32 

mA 

32 

mA 

7.2 

mA 

12 

mA 

Technical  Data 
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Plate  Resistance  (Approx.)  . . . 

Transconductance  . .  •  •  •  ♦  . 

Load  Resistance  . .  • ...  • ...  *  •  •  •  •  •  •  v.  *  •  ’  >  •  */ . 

Total  Harmonic  Distortion  - - .... . . . ... . . .  • . . . 

Maximum-Signal  Power  Output  . *•* 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . .  . .  ■  ■ .  . . . .  . 

For  cathode-bias  operation  . . . . . . 


14000 

ohms 

3000 

.(imhos 

3000  • 

i'  f"  ohms 

;8  ¥ 

y  ';V,per  cent 

1.2 

watts 

0.1  megohm 

0.6  megohm 


Refer  to  chart  at  end  of  section. 


35GL6 


7AG 


BEAM  POWER  TUBE  35L6GT 

Glass  octal  type  used  in  output  stage  of  ac/dc  radio 
receivers.  Outlines  section,  13D;  requires  octal  socket. 
This  type  may  be  supplied  with  pin  No.l  omitted. 
Refer  to  miniature  type  35C5  for  installation,  appli¬ 
cation  information,  and  curves. 


Heater  Voltage  (ac/dc)  . . . . . 

Heater  Current  . . . . 

Peak  Heater-Cathode  Voltage  . . . 

Direct  Interelectrode  Capacitances  (Approx.) : 

Grid  No.l  to  Plate  . . . .  • ■  ■  ■  •  • 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . 


35  volts 

0.15  ampere 

±90  max  volts 


0.6 

13 

9.5 


pF 

PF 

pF 


Glass  A2  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Value) 

Plate  Voltage  . . . 

Grid-No. 2  (Screen-Grid)  Voltage  . 

Plate  Dissipation  . 

Grid-No.  2  Input  . . . 

TYPICAL  OPERATION 

Plate  Supply  Voltage  . . 

Grid-No. 2  Supply  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage  . 

Cathode-Bias  Resistor  . 

Peak  AF  Grid-No.l  Voltage  . 

Zero-Signal  Plate  Current  . . 

Maximum-Signal  Plate  Current  . . 

Zero-Signal  Grid-No. 2  Current 

Maximum-Signal  Grid-No. 2  Current  . 

Plate  Resistance  . . . 

Transconductance  . . . 

Load  Resistance  .  .  .  .  .  . . 

Total  Harmonic  Distortion  . . 

Maximum-Signal  Power  Output  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l -Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . 


200 

125 


8.5 

1.0 


Fixed  Bias 
110 
110 
—7.5 

7.5 

40 

41 
3 
7 

14000 

5800 

2500 

10 

1.5 


Cathode  Bias 
200 
125 

180 

8 

43 

43 

2 

5.5 

34000 

6100 

5000 

10 

3.0 


0.1 

0.5 


volts 

volts 

watts 

watt 


volts 
volts 
volts 
ohms 
volts 
mA 
mA 
mA 
mA 
ohms 
fim  hos 
ohms 
per  cent 
watts 


megohm 

megohm 
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35W4 


HALF-WAVE 
VACUUM  RECTIFIER 


Miniature  type  used  in  power  supply  of  ac/dc  re¬ 
ceivers.  Outlines  section,  5D;  requires  miniature  7- 
contact  socket.  This  type  is  equivalent  in  performance 
to  glass-octal  type  35Z5GT.  The  heater  is  provided  with 
a  tap  for  operation  of  a  panel  lamp. 


SB  ® 


Heater  Voltage  (ac/dc)  : 

Entire  Heater  (pins  3  and  4)  . 

Panel  Lamp  Section  (pins  4  and  6) 
Heater  Current: 

Between  Pins  3  and  4  . 

Between  Pins  3  and  6  . . 

Peak  Heater-Cathode  Voltage  . . 

*  Without  panel  lamp. 

With  No.40  or  No.47  panel  lamp. 


Half-Wave  Rectifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 


Peak  Inverse  Plate  Voltage 

Peak  Plate  Current  . 

Average  Output  Current : 

With  Panel  Lamp  and 


\  No  Shunting  Resistor 
t  Shunting  Resistor 


Without  Panel  Lamp  .  .  . 
Panel-Lamp-Section  Voltage : 
When  Panel  Lamp  Fails 


if:  ** 


35 

32 

volts 

7.5 

5.5 

volts 

0.15 

_ 

ampere 

.  — 

0.15 

ampere 

±360  max 

volts 

360 

volts 

660 

mA 

66 

mA 

100 

mA 

no 

mA 

17 

volts 

Installation  and  Application 


OPERATION  CHARACTERISTICS 

HALF-WAVE  RECTIFIER 

“1 — T — T — T — I — I  I  I  r 
-TYPE  35W4  . 

35 VOLTS  9ETWEEN  PINS  N*3  & 

-  N»4  (NO  TAP  CONNECTION)  ■> 

PLATE  VOLTSSH7RMS 
TOTAL  EFFECTIVE  PLATE-SUPPLY 
IMPEDANCE  =  15  OHMS 
‘c=capacitor  INPUT  TO  filter 


”25  50  75  100 

LOAOM.LUAMPERE?M^fl)STr 


For  heater  considerations,  refer  to 
miniature  type  35C5. 

With  the  panel  lamp  connected  as 
shown  in  the  diagram,  the  drop  across 
R  and  all  heaters  (with  panel  lamp) 
should  equal  117  volts  at  0.15  ampere. 
The  shunting  resistor  Eh  is  required 
when  dc  output  current  exceeds  60  milli- 
amperes.  Values  of  R*  for  dc  output  cur¬ 
rents  greater  than  60  milliamperes  are 
given  in  tabulated  data. 


type 


AC  Plate-Supply  Voltage  (rms)  . . 

Filter-Input  Capacitor  . 

Minimum  Total  Effective  Plate-Supply  Impedance 

Panel-Lamp  Shunting  Resistor  . . . . 

Average  Output  Current  . . . 


117 

117 

117 

117 

40 

40 

40 

40 

15 

'  15. 

15 

15 

_ 

300 

150 

100 

60 

70 

80 

00 

f  No.40  or  No.47  panel  lamp  used  in  circuit  given  below  with  capacitor-input 

TYPICAL  OPERATION  WITHOUT  PANEL  LAMP 

AC  Plate-Supply  Voltage  (rms)  . . .  117 

Filter-Input  Capacitor  . . . .  JJ? 

Minimum  Total  Effective  Plate-Supply  Impedance  .  15 

Average  Output  Current  . . . . . * . *  100 


filter. 


volts 

uF 

ohms 

ohms 

mA 


volts 

uF 

ohms 

mA 


Technical  Data 
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DC  Output  Voltage  at  Input  to  Filter  (Approx.) : 

At  half -load  current  (60  mA)  . . . .  135  to  Its 

At  full-load  current  (100  mA)  . . «  120  volts 

Voltage  Regulation  (Approx.)  : 

Half“load  to  full-load  current  . 15  volts 

MAXIMUM  CIRCUIT  VALUES 

Panel-Lamp  Shunting  Resistor 

f  70  mA  . .  . . 800  ohms 

For  dc  output  current  of  80  mA  . 400  ohms 

[  90  mA  .......  i  . . .  250  ohms 

*  Required  when  dc  output  current  is  greater  than  60  milliamperes. 

Refer  to  chart  at  end  of  section.  35 Y4 

Refer  to  chart  at  end  of  section.  35Z3 

Refer  to  chart  at  end  of  section.  35Z4GT 


HALF-WAVE 
VACUUM  RECTIFIER 

i  Glass  octal  type  used  in  power  supply  of  ac/de  re- 
L  ceivers.  The  heater  is  provided  with  a  tap  for  opera- 
tion  of  a  panel  lamp.  Outlines  section,  13D;  requires 
octal  socket.  This  type  may  be  supplied  with  pin  No.l 
omitted.  For  installation  and  application  considera¬ 
tions,  refer  to  miniature  type  35 W4. 


Heater  Voltage  (ac/dc)  : 

Entire  Heater  (pins  2  and  7)  ....... 

Panel  Lamp  Section  (pins  2  and  3) 
Heater  Current: 

Between  Pins  2  and  7  . 

Between  Pins  3  and  7  . 

Peak  Heater-Cathode  Voltage  . 


35 

32 

volts 

7.5 

5.5 

volts 

0.15 

0.15 

ampere 

— 

ampere 

±:350  max 

volts 

*  Without  panel  lamp. 

**  With  No.  40  or  No.  47  panel  lamp. 

Half-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Center  Values) 

Peak  Inverse  Plate-  Voltage  ,  . .  . . 700  volte 

Peak  Plate  Current  . COO  mA 

Average  Output  Current: 

With  Pemol  r.ftvrm  mwl  I  No  Shunting  Resistor  .  60  mA 

With  Panel  Lamp  amt  j  Shxmtjng  Besistor  . . 90  mA 

Without  Panel  Lamp  , .  .  . . 100  mA 

Panel-Lamp-Section  Voltage  (ms) : 

When  Panel  Lamp  Fails  .  15  volts 

TYPICAL  OPERATION  WITH  PANEL  LAMP? 

AC  Plate-Supply  Voltage  (ims)  ....  117  117  117  117  235  volts 

Filter-Input  Capacitor  . .  40  40  40  40  40  #F 

Minimum  Total  Effective  Plate- 

Supply  Impedance  .  15  15  15  15  100  ohms 

Panel-Lamp  Shunting  Resistor  .  —  300  160  100  ™  ohms 

Average  Output  Current  . . .  60  70  80  90  60  mA 

f  No.40  or  Ng.47  panel  lamp  used  in  circuit  with  capacitor-input  filter  given  under  type  35W4. 

TYPICAL  OPERATION  WITHOUT  PANEL  LAMP? 

AC  Plate-Supply  Voltage  (rms)  . 117  235  volts 

Filter-Input  Capacitor  . .  40  40  p F 

Minimum  Total  Effective  Plate-Supply  Impedance  . .  15  100  ohms 

Average  Output  Current  .  100  100  mA 

DC  Output  Voltage  at  Input  to  Filter  (Approx.)  : 

At  half-load  current  (50  mA)  . 140  280  volts 

At  full-load  current  (100  mA)  . .  120  235  volts 

Voltage  Regulaton  (Approx.)  : 

Half-load  to  full-load  current  .  20  45  volts 

MAXIMUM  CIRCUIT  VALUES 

Panel-Lamp  Shunting  Resistor®: 

f  70  mA  . . .  800  ohms 

For  dc  ouptut  current  of  |  80  mA  . . . 400  ohms 

t  90  mA  . 250  ohms 

«  Required  when  dc  output  current  is  greater  than  60  milliamperes. 


For  dc  ouptut  current  of 
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36  Refer  to  chart  at  end  of  section* 


36AM3 

36AM3A 


Refer  to  chart  at  end  of  section* 


HALF-WAVE 
VACUUM  RECTIFIER 

Miniature  type  used  in  power  supply  of  ac/dc  re¬ 
ceivers.  This  type  has  a  tapped  heater  so  that  the 
heater  section  between  pins  4  and  6  can  be  used  as  a 
limiting  resistance  in  the  rectifier  plate  circuit.  This 
heater  section  is  not  to  be  used  as  a  panel-lamp 
shunt.  Outlines  section,  5D ;  requires  miniature  7- 


36AM3B 


contact  socket. 


5B0 


Heater  Voltage  (ac/dc)  : 

Entire  Heater  (Pins  3  and  4)  . . . . .  ... ........ . . . .......... 

Tap  Sectidn  (Pins  3  and  6)  .... ; . . ; . . . . . . :  -  . . ; . - - - 

Heater  Current  (Pins  3  and  6)  . . . . 

Heater  Warm-up  Time  (Average)  . . . . 

Heater-Cathode  Voltage : 

Peak  value  . . . . . .  ±200 

Average  value  ■  •  .  / . . .  -f-190 

Half-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse,  Plate  Voltage  . . . 

Peak  Plate  Current  . . . . . . . 

Average  Output  Current  . . . . . . . . . 

TYPICAL  OPERATION  WITH  CAPACITOR  INPUT  TO  FILTER 

AC  Plate-Supply  Voltage  (rms)  . 

Filter-Input  Capacitor  . . . 

Total  Effective  Plate  Supply  Resistance  . . . 

Average  Output  Current  . . 

DC  Output  Voltage  . * 

CHARACTERISTICS 

Tube  Voltage  Drop  for  plate  current  of  150  mA  .. 


120 

49 

75 

118 


1G 


36 

volts 

32 

volts 

0.1 

ampere 

20 

seconds 

-350  max 

volts 

-350  max 

VOlt3 

365  volts 

58»;  mA 

82  m  A 


117  volts 

40  j uF 

See  text  above 
75  mA 

105  volts 


20  volts 
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Refer  to  chart  at  end  of  section. 


38  Refer  to  chart  at  end  of  section. 


38HE7  DIODE— BEAM  POWER  TUBE 

Duodecar  type  used  in  television  receiver  applications. 
The  diode  unit  is  used  for  damper  service  and  the 
beam  power  unit  for  horizontal-deflection  amplifier 
service.  Outlines  section,  15D;  requires  duodecar  12- 
contact  socket.  Heater:  volts  (ac/dc),  37.8;  amperes, 
0.45;  warm-up  time,  11  seconds;  maximum  heater-cath¬ 
ode  volts,  ±200  peak,  100  average. 


Beam  Power  Unit  As  Class  Ai  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . . •  •• 

Grid-No. 2  (Screen-Grid)  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage  - 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . 

Plate  Current  . . . . 

Grid-No.2  Current  . . . . . 

Grid-No.l  Voltage  (Approx.)  for  plate 

current  of  1  mA  . 

Amplification  Factor  .  < . . 


Pentode  Connection 

Triode** 

Connection 

5000 

50. 

130 

130 

volts 

130 

130 

130 

130 

volts 

0 

—22 

— 22 

volts 

_ 

6200 

■  — 

ohms 

. 

_ 

8800 

-  —  ' 

jumhos 

_ 

450 

60 

mA 

— 

40 

v  2.8 

mA 

—80 

— 

— 39 

4.2 

volts 

**  Grid  No.  2  tied  to  plate. 


Technical  Data 


For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  {Design-Maximum  Ratings) 

Plate  Voltage  . . . . . . . . . . .... 

Peak  Positive-Pulse  Plate  Voltage#  . . ' 

Peak  Negative- Pulse  Plate  Voltage  .............................. 

Grid-No.2  Voltage  . . . . . . . . 

DC  Grid-No.l  Voltage,  Negative-bias  value  . . . . 

Peak  Negative-Pulse  Grid-No.l  Voltage  ........ - - - - - - ...... 

Average  Cathode  Current 

Peak  Cathode  Current  . . . . 

Plate  Dissipation!  _ I.........::...;;...... ; ; ....... ; ........ . 

Grid-No.2  Input  . ; _ ....................... . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance  . . 


Damper  Service— Diode  Unit 

For  operation  in  a  525-line,  30-frame  system 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . . . . . 

Peak  Plate  Current  . . . . . . 

Average  Plate  Current  . . . . . . ; . 

Heater-Cathode  Voltage: 

Peak  value  . . . . . . .  4-200 

Average  value  . . . .  4-T00 

Bulb  Temperature  (at  hottest  point)  . . . 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  350  mA  . 
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nplifier 

500 

volts 

5000 

volts 

0 

volts 

150 

volts 

—55 

volts 

—330 

volts 

230 

mA 

800 

mA 

10 

watts 

3.5 

watts 

1 

megohm 

i  absence 

of  excitation. 

4200 

volts 

1200 

mA 

200 

mA 

—4200 

volts 

—500 

volts 

200 

„  ;  °C 

21 

volts 

ycle  (10 

microseconds). 

DIODE— BEAM  POWER  TUBE 


38HK7 


12FS 


The  diode  unit  is  used  for  damper  service  and  the 
beam  power  unit  for  horizon  tal-deflectioit  4  amplifier 
service.  Outlines  section,  15D;  requires  duodecar  12- 
contact  socket. 


Heater  Voltage  (ac/dc)  . . ....... . . . 

Heater  Current  . 

Heater  Warm-up  Time  (Average)  . . 

Heater-Cathode  Voltage : 

Peak  value  .  . . . . . . .  . 

Average  value  .......  I ■. .  ... .  . .  .  .  .  ,  . /.  . ...... . .  ♦  y  s . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Diode  Unit : 

Plate  to  Cathode  and  Heater  . . . .  . .  . . . 

Cathode  to  Plate  and  Heater  . 

Heater  to  Cathode  . .  . . . . 

Beam  Power  Unit: 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  . 


Beam  Power  Unit  as  Class  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  .... 
Grid-No.l  (Control-Grid)  Voltage  .... 

Amplification  Factor  . <  v,  * , .... 

Plate  Resistance  . .  . .  .• 

Transconductance  . . . 

Plate  Current  . . . 

Grid-No.2  Current  _ ......... - - 

Grid-No.l  Voltage  (Approx.)  for  plate 

current  of  1  mA  . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l-Circuit  Resistance  . . . 


Triode** 

Connection 

130 

130 

—22 

4.2 


Pentode  Connection 


3500 

130 


50 

130 

0 


450 

40 


-66  — 


37.8 

volts 

0.45 

ampere 

11 

«  seconds 

±200  max 

volts 

100  max 

volts 

10 

pF 

0 

pF 

2 

PF 

0.38 

»F 

19  • 

pF 

8 

pF 

ction 

130 

volts 

130 

volts 

--22; 

volts 

6200 

ohms 

8800 

jimhos 

60 

mA 

2.8 

mA 

~r-39 

volts 

1.0 

megohm 

Grid  No.2  tied  to  plate. 
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Beam  Power  Unit  as  Horizontal-Deflection  Amplifier 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  ...  . 500  volts 

Peak  Positive-Pulse  Plate  Voltage  . 5000  volts 

Peak  Negative-Pulse  Plate  Voltage  . . 0  volts 

Grid-No.2  Voltage  . 150  volts 

DC  Grid-No.l  Voltage,  Negative-bias  value  . . .  — 55  volts 

Peak  Negative- Pulse  Grid-No.l  Voltage  . .  — 330  volts 

Average  Cathode  Current  . . 230  mA 

Peak  Cathode  Current  . . 800  mA 

Plate  Dissipationf  . . 10  watts 

Grid-No.2  Input  . . . . . . . . . .  3.5  watts 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance  .  1  megohm 

f  A  bias  resistor  or  other  means  is  required  to  protect  the  tube  in  absence  of  excitation. 

Damper  Service— Diode  Unit 

For  operation  in  a  525-line,  30-frame  system 
MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage#  . 4200  volts 

Peak  Plate  Current  . 1200  mA 

Average  Plate  Current  . 200  mA 

Heater-Cathode  Voltage: 

Peak  value  .  +200  —3700  volts 

Average  value  . . . . .  +100  — 500  volts 

Bulb  Temperature  (At  hottest  point)  . 200  °C 

CHARACTERISTICS,  Instantaneous  Value 

Tube  Voltage  Drop  for  plate  current  of  350  mA  .  16  volts 

#  Pulse  duration  must  not  exceed  15%  of  a  horizontal  scanning  cycle  (10  microseconds). 


39/44 

40 

\ 

42 

43 

45 

45Z3 

45Z5GT 

46 

47 

48 

49 

50 

50A5 


Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


5085  BEAM  POWER  TUBE 

Miniature  type  used  in  output  stage  of  compact  ac/dc 
receivers.  Outlines  section,  5D;  requires  miniature  7- 
contact  socket.  Except  for  basing  arrangement,  type 
50B5  is  identical  with  miniature  type  50C5. 


7BZ 


Technical  Data 
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7CV 


BEAM  POWER  TUBE 


50C5 

17C5, 25C5 


Miniature  type  used  in  output  stage  of  compact,  ac/dc 
radio  receivers.  Outlines  section,  5D;  requires  minia¬ 
ture  7-contact  socket.  This  tube,  like  other  power-han¬ 
dling  tubes,  should  be  adequately  ventilated.  Within  its 
maximum  ratings,  type  50C5  is  equivalent  in  perform¬ 
ance  to  glass  octal  type  50L6GT.  Types  17C5  and 
25C5  are  identical  with  type  50C5  except  for  heater 
ratings. 


w  „  17C5  25C5  50C5 

Heater  Voltage  (ae/dc)  . . 16.S  25  50  volts 

Heater  Current  . 0.45  0.3  0.15  ampere 

Heater  Warm-up  Time  (Average)  . 11  —  —  seconds 

Heater-Cathode  Voltage : 

Peak  value  . ±200  max  ±200  max  ±200  max  volts 

Average  value  . . 100  max  100  max  100  max  volts 

Direct  Interelectrode  Capacitances  (Approx.): 

Grid  No.l  to  Plate  . 0.6  pF 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  13  pF 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .  8.5  pF 


Class  At  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value  .. 

Plate  Dissipation  Y. . . . . 

Grid-No.2  Input  . . 

Bulb  Temperature  (At  hottest  point)  . . 

TYPICAL  OPERATION 

Plate  Voltage  . . . .  . . 

Grid-No.2  Voltage  . 

Grid-No.l  (Control-Grid)  Voltage  . 

Peak  AF  Grid-No.l  Voltage  . . 

Zero-Signal  Plate  Current  . . .  . . . . . 

Maximum-Signal  Plate  Current  . . . . . 

Zero-Signal  Grid-No.2  Current  . . . . . 

Maximum-Signal  Grid-No.2  Current  . . . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . . . . . 

Load  Resistance  . 

Total  Harmonic  Distortion  . 

Maximum -Signal  Power  Output  . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation' . . 

For  cathode-bias  operation  . . . 


150 

volts 

130 

volts 

0 

volts 

7 

watts 

1.4 

watts 

220 

°C 

120 

volts 

110 

volts 

—8 

volts 

8 

volts 

49 

mA 

50 

mA 

4 

in  A 

8.5 

mA 

10000 

ohms 

7500 

/imhos 

2500 

ohms 

10 

per  cent 

2.3 

watts 

0.1  megohm 

0.5  megohm 
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Installation  and  Application 

The  50-volt  heater  is  designed  to  operate  under  the  normal  conditions  of 
line  voltage  variation  without  materially  affecting  the  performance  or 
serviceability  of  the  50C5.  For  operation  of  the  50C5  in  series  with  other 
types  having  0,15-ampere  rating,  the  current  in  the  heater  circuit  should 
be  adjusted  to  0.15  ampere  for  the  normal  supply  voltage. 

In  a  series-heater  circuit  of  the  “dc  power  line”  type  employing  several 
0,15-ampere  types  and  one  or  two  50C5s,  the  heater(s)  of  the  50C5(s)  should 
be  placed  on  the  positive  side  of  the  line.  Under  these  conditions,  heater- 
cathode  voltage  of  the  50C5  must  not  exceed  the  value  given  under  maximum 
ratings.  In  a  series-heater  circuit  of  the  “universal”  type  employing  rectifier 
tube  35W4,  one  or  two  50C5s,  and  several  0.15-ampere  types,  it  is  recom¬ 
mended  that  the  heater (s)  of  the  50C5(s)  be  placed  in  the  circuit  so  that 
the  higher  values  of  heater-cathode  bias  will  be  impressed  on  the  50C5(s) 
rather  than  on  the  other  0.15-ampere  types.  This  is  accomplished  by  arrang¬ 
ing  the  50C5(s)  on  the  side  of  the  supply  line  which  is  connected  to  the 
cathode  of  the  rectifier,  i.e.,  the  positive  terminal  of  the  rectified  voltage  sup¬ 
ply.  Between  this  side  of  the  line  and  the  50C5(s),  any  necessary  auxiliary 
resistance  and  the  heater  of  the  35 W4  are  connected  in  series. 

As  a  power  amplifier  (class  Ax),  the  5005  is  recommended  for  use  either 
singly  or  in  push-pull  combination  in  the  power-output  stage  of  “ac/dc”  re¬ 
ceivers.  The  operating  values  shown  under  typical  operation  have  been  de¬ 
termined  on  the  basis  that  grid-No.  1  current  does  not  flow  during  any  part 
of  the  input  cycle. 

50C6G  Refer  to  chart  at  end  of  section. 


50DC4 


HALF-WAVE 
VACUUM  RECTIFIER 


Miniature  type  used  in  power  supply  of  ac/dc  radio 
receivers.  The  heater  is  provided  with  a  tap  for  opera¬ 
tion  of  a  panel  lamp.  For  typical  circuit,  refer  to  type 
35W4.  Outlines  section,  5D;  requires  7-contact  socket. 


5Ba 


Heater  Voltage  (ac/dc)  : 

Entire  Heater  (Pins  3  and  4)  . . 

Panel-Lamp  Section  (Pins  4  and  6) 
Heater  Current: 

Between  Pins  3  and  4  . 

Between  Pins  3  and  6  . 

Peak  Heater-Cathode  Voltage  . 


* 

** 

volts 

50 

45 

volts 

7.5 

5.5 

volts 

0.15 

,  • _ • : 

ampere 

— 

0.15 

ampere 

=t330  max 

volts 

*  Without  panel  lamp. 

**  With  No.40  or  No. 47  panel  lamp. 

Half-Wave  Rectifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Peak  Inverse  Plate  Voltage  . .  . . . 

Peak  .Plate  Current  .  .  . . . 

Average  Output  Current: 

,  Witjfci  Panel  Lamp  and 

Without  Panel  Lamp 
Panel-Lamp-Section  Voltage  (rms)  : 

When  Panel  Lamp  Fails  . 


f  No  Shunting  Resistor  ............  70 

1  Shunting  Resistor  •  .  110 

. . . . . .  120 


TYPICAL  OPERATION  WITH  PANEL  LAMPt 

AC  Plate-Supply  Voltage  (rms)  . 

Filter-Input  Capacitor  . . . 

Minimum  Total  Effective  Plate- 

Supply  Impedance  .  ........ . — 

Panel-Lamp  Shunting  Resistor  . 

Average  Output  Current  . . . 


117 

117 

117 

117 

40 

40 

40 

40 

15 

15 

15 

15 

450 

200 

100 

75 

70 

80 

90 

100 

TYPICAL  OPERATION  WITHOUT  PANEL  LAMP 

AC  Plate-Supply  Voltage  (rms)  . 

Filter-Input  Capacitor  . . .  ♦  •  •  ■ 


volts 


raA 

mA 

mA 

volts 

volts 

ju.F 

ohms 

ohms 

mA 

volts 

ixF 
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Minimum  Total  Effective  Plate-Supply  Impedance 
Average  Output  Current  ,  . 

DC  Output  Voltage  at  Input  to  Filter  (Approx.)  : 

At  half-load  current  (55 ,  mA)  . 

At  full-load  current  (110  mA)  . . 

Voltage  Regulation  (Approx.)  : 

Half-load  to  full-load  current  . 


15  ohms 

HO  mA 

.130;'  ■  -  ••  •  volts 

110"  volts 

20  volts 


fNo.40  or  No.47  panel  lamp  used  in  circuit  with  capacitor-input  filter  given  under  type  35W4. 
*  Required  when  dc  output  current  is  greater  than  70  milliamperes. 


Refer  to  type  6EH5. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


50EH5 

T3pm5-: 

;  50FK5  " 


1¥Z 


POWER  PENTODE  50HC6 

Miniature  type  used  in  the  audio-frequency  power- 
output  stages  of  radio  receivers.  Heater  is  provided 
with  a  tap  for  operation  of  a  panel  lamp.  Outlines 
section,  5D;  requires  miniature  7-contact  socket.  Heater: 
volts  (ac/dc),  50;  amperes,  0.15;  tap  volts  (without 
panel  lamp),  7;  maximum  heater-cathode  volts,  ±200 
peak,  100  average. 


MAXIMUM  RATINGS  (Design-Maximum  Values) 
RMS  Heater-Tap  Voltage,  when  panel  lamp  fails 

Plate  Voltage  . . . . 

Grid-No.  2  (Screen-Grid)  Voltage  .... . , .  v. . . 

Plate  Dissipation  .  .  . . . . 

Grid-No.2  Input  . 

CHARACTERISTICS 

Plate  Supply  Voltage  . . 

Grid-No.2  Voltage  . 

Peak  AF  Grid-No.l  (Control-Grid)  Voltage  . 

Cathode-Bias  Resistor  . . 

Zero-Signal  Plate  Current  . . . 

Maximum-Signal  Plate  Current  . . . 

Zero-Signal  Grid-No.2  Current  . . 

Maximum-Signal  Grid-No.2  Current  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . 

Load  Resistance  . . . . . . 

Total  Harmonic  Distortion  (Approx.)  . . 

Maximum-Signal  Power  Output  . 


14  -■ 

volts 

150 

volts 

130 

volts 

•5.5 

watts 

2 

watts 

110 

volts 

115 

volts 

3 

volts 

'  62  ■  \ 

ohms 

42  ' 

mA 

42 

mA 

11.5 

mA 

14.5 

mA 

11000 

ohms 

14600 

jamhos 

3000 

ohms 

7 

per  cent 

1.4 

watts 

7FZ 


POWER  PENTODE  50HK6 

Miniature  type  used  in  audio-frequency  power-output 
stage  of  radio  receivers.  Outlines  section,  51) ;  requires 
miniature  7-contact  socket.  The  heater  is  provided  with 
a  tap  for  operation  of  a  panel  lamp.  Heater:  volts 
(ac/dc),  50;  amperes,  0.15;  tap  volts  (without  panel 
lamp),  7;  maximum  heater-cathode  volts,  ±200  peak, 
100  average. 


Class  A,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . .  . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . s . . . 

Plate  Dissipation  . . . . . . 

Grid-No.2  Input  . . 

RMS  Heater-Tap  Voltage  When  Panel  Lamp  Fails  . .  , . 
TYPICAL  OPERATION  AND  CHARACTERISTICS 

Plate  Voltage!  . . . . . . .  ..i. ........  . 

CridUNo.2  Voltage  . . . . .  . . 

Grid-No.l  (Control-Grid)  Voltage  . 

Peak  AF  Grid-No.l  Voltage  . . . 

Zero-Signal  Plate  Current  . . . . . 

Maximum-Signal  Plate  Current  . . . 


150  •  ' 

volts 

130  •• 

volts 

5.5  •  ^  ' 

watts 

1.1 

watts 

14 

volts 

11.0  'V 

volts 

110 

volts 

— 7.5 

VOlts 

7.5 

volts 

40 

mA 

50  / 

mA 

436 


RCA  Receiving  Tube  Manual 


Zero-Signal  Grid-No. 2  Current  . 

Maximum-Signal  Grid-No.2  Current  . . . . . 

Plate  Resistance  (Approx.)  . . . . . 

Transconductance  . . . . 

Load  Resistance  . 

Total  Harmonic  Distortion  (Approx.)  . . . . . . 

Maximum-Signal  Power  Output  . . . . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . 

For  cathode-bias  operation  . . 

S0L6GT 

25L6GT  BEAM  POWER  TUBE 

Glass  octal  type  used  in  output  stage  of  ac/dc  radio 
receivers.  Outlines  section,  13D;  requires  octal  socket. 
This  type  may  be  supplied  with  pin  No.l  omitted. 
Refer  to  miniature  type  50C5  for  installation  and  ap¬ 
plication  information.  Type  25L6GT  is  identical  with 
type  50L6GT  except  for  heater  ratings. 

25L6GT 

Heater  Voltage  (ac/dc)  . . 25 

Heater  Current  .  0.3 

Peak  Heater-Cathode  Voltage  .  ±90  max 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . . . . . . . ; 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  ...... 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  .... - 


4 

mA 

8.5 

mA 

10000 

ohms 

7500 

jimfeos 

2500 

ohms 

9 

per  cent 

1.9 

watts 

0.1 

megohm 

0.5 

megohm 

*2f4) 

of' 

7AG 

50L6GT 

50 

0.15 

±90  max 

0.6 

15 

9.5 


Class  At  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . . 

Plate  Dissipation  . 

Grid-No.2  Input  . 

TYPICAL  OPERATION 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . . 

Grid-No.  1  (Control-Grid)  Voltage  . 

Peak  AF  Grid-No.  1  Voltage  . . . 

Cathode-Bias  Resistor  . . . . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  .  . . . 

Plate  Resistance  (Approx.)  . 

Transconduetance  . . . . . 

Load  Resistance  . . . 

Total  Harmonic  Distortion  ,  . . 

Maximum-Signal  Power  Output  . . 


Fixed  Bias 
110 
110 
— 7.5 
7.5 

49 

50 
4 

10 

13000 

8000 

2000 

10 

2.1 


200 

125 

10 

1.25 

Cathode 

200 

125 

8.0 

180 

46 

47 
2.2 
8.5 

28000 

8000 

4000 

10 

3.8 


50X6 

50Y6GT 

50Y7GT 

50Z7G 

53 

60FX5 

70L7GT 

75 

78 

80 

84/6Z4 


Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  chart  at  end  of  section. 

Refer  to  type  12FX5. 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


volts 

ampere 

volts 

pF 

pF 

pF 


Bia& 


volt® 
volts 
watts 
watts 

volts 
volts 
volts 
volts 
ohms 
ffiA 
mA 
raA 
mA 
ohms 
/imhos 
ohms 
per  cent 
watts 


Technical  Data 

Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 
Refer  to  chart  at  end  of  section. 


4S7 

117L7GT/M7GT 
1 17N7GT 
117P7GT 
1 17Z3 
1 1 7Z4GT 
117Z6GT 


H 


SHARP-CUTOFF  PENTODE  5g79 

Miniature  type  used  as  audio  amplifier  in  the  input 
stages  of  medium-gain  public-address  systems,  home 
sound  recorders,  and  audio  systems.  Outlines  section, 
6B;  requires  miniature  9-contact  socket.  For  operation 
as  resistance-coupled  amplifier,  refer  to  Resistance- 
Coupled  Amplifier  section. 


Heater  Voltage  (ac/dc)  . . . 

Heater  Current  . 

Peak  Heater-Cathode  Voltage  . 

Direct  Interelectrode  Capacitances: 

Pentode  Connection  : 

Grid  No.l  to  Plate  . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  and  Gl'id  No.3  . 
Triode  Connection®  : 

Grid  No.l  to  Plate  . 

Grid  No.l  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater  . .  ..  . 


6.3 

volts 

0.15 

ampere 

±:100  ma  x 

volts 

0.11  max 

PF 

2.7 

pF 

2.4 

pF 

1.4 

pF 

1.4 

pF 

0.85 

PF 

*  Grid  No. 2  and  grid  No.3  connected  to  plate. 

Glass  A*  Amplifier 


Triode  Pentode 

MAXIMUM  RATINGS  (Design-Maximum  Values)  Connection®  Connection 

Plate  Voltage  . .  . . .  275  330 

Grid-No.2  (Screen-Grid)  Voltage  .  —  See  curve  page  96 

Grid-No.  2  Supply  Voltage  . .  —  330 

Grid-No.l  (Control-Grid)  Voltage: 

Negative-bias  value  .  — 55  — 55 

Positive-bias  value  . 0  0 

Plate  Dissipation  . 1.7  1.25 

Grid-No.2  Input : 

For  grid-No.2  voltages  up  to  165  volts  —  0.25 

For  grid-No.2  voltages  between  165  —  See  curve  page  96 


volts 

volts 

volts 

volts 

watts 

watt 
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CHARACTERISTICS 

Plate  Voltage  . 

Grid  No.3  . 

100 

250 

250 

Connected 

volts 

to  cathode  at  socket 

___ 

— 

100 

volts 

— 3 

— 8 

—-3 

volts 

21 

21 

— 

Plate  Resistance  (Approx.)  . . . 

0.017 

0.0137 

2 

megohms 

Ti^nAf,nni1i7r*t.ftru,.#‘  . . . 

1240 

1530 

1000 

/imhos 

Plate  Current  . .  •  • 

Grid-No.  £  Current  . . 

2.2 

5.5 

1.8 

0,4 

mA 

mA 

Grid-No.  1  Voltage  (Approx.)  for  plate 
current  of  10  ,uA  . 

—  . 

— 

— 8 

volts 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.l-Circuit  Resistance  . . . . . *  2.2  megohms 

*  Grid  No. 2  and  grid  No.  3  connected  to  plate. 


5681  '  BEAM  POWER  TUBE 

Glass  octal  type  used  in  the  output  stages  of  radio 
receivers  and  high-fidelity  audio  amplifiers.  Outlines 
section,  29M;  requires  octal  socket.  For  typical  opera¬ 
tion  as  push-pull  class  Ai,  class  ABi  (within  maximum 
ratings),  and  class  AB2  amplifier,  and  for  curves  of 
average  plate  characteristics,  refer  to  type  6L6GC. 
Heater:  volts  (ac/dc),  6.3;  amperes,  0.9;  maximum 
heater-cathode  volts,  ±200  peak. 


Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Triode 

Connection* 

400 

Pentode 

Connection 

400 

volts 

Grid-No.2  (Screen-Grid)  Voltage  . 

26 

400 

23 

volts 

watts 

- — 

3 

watts 

TYPICAL  OPERATION  AND  CHARACTERISTICS 

250 

300 

250 

350 

volts 

— 

— 

250 

250 

volts 

Grid-No.  1  (Control-Grid)  Voltage  .  v  r. .  . 

Peak  AF  Grid-No.  1  Voltage  .  . . 

—is 

18 

52 

—20 

20 

78 

—14 

14 

75 

—18 

18 

53  . 

volts 
volts 
m  A 

Maximum-Signal  Plate  Current  . . 

rr ^ „  cinnal  d vi /UNV*  9  Current  . . 

58 

85 

80 

4.3 

65 

2.5 

inA 

mA 

Z,ero-&ignai  vjuucjui  . 

Maximum-Signal  Grid-No.2  Current  . .  . 

;  8 

• — 

7.6 

8.5 

mA 

AllipjniCaXlOn  J7  ttCMJi,  . 

Pdciclan/m  /  A  ftTU’flV  1  . 

■  — • 

— 

30000 

48000 

ohms 

ixesisiante  . 

!  5250 

— 

6100 

5200 

/imhos 

.  4000 

4000 

2500 

4200 

ohms 

Unvivir.nift  UiC+nr+IGTl  . .  .  .  .  . 

6 

5.5 

10 

13 

per  cent 

1.4 

1.8 

6.7 

11.3 

watts 

Maximum-bign  ai  rower  wuupuu  . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No. 1-CircuR  Resistance : 

0.1 

megohm 

For  fixed-bias  operation  ^  . 

For  cathode-bias  operation  . .  ■ 

0.5 

megohm 

*  Grid  No. 2  connected  to  plate. 


BEAM  POWER  TUBE 


Miniature  type  used  as  power  amplifier  in  compact 
high-fidelity  audio  equipment.  Outlines  section,  6G ;  re¬ 
quires  miniature  9-eontact  socket. 

Heater  Voltage  (ac/dc)  .... .  . . * . \ - 

Heater  Current  . .  *  . . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . 


6973 


H 


9EU 

6.3  volts 

0.45  ampere 

±200  max  volts 

100  max  volts 


PLATE  MILLIAMPERES 


Technical  Data 


Direct  Interelectrode  Capacitances  5 

Grid  No’jL  to  Cathode,  Heater,  Grid  No, 2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No. 2,  and  Grid  No.3  .  * 


Class  Aj  Amplifier 


CHARACTERISTICS 

Plate  Voltage  . . . . * 

Grid-No.2  (Screen-Grid)  Voltage  . —  . . . . 

Grid-No. 1  (Control-Grid)  Voltage . . . . 

Plate  Resistance  (Approx.)  . . . . . 

Transconductance  . . .  *  •  . . . 

Plate  Current  . . . . . . . . . 

Grid-No. 2  Current  . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  100  fiA  . 

Push-Pull  Class  AB,  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . . . ‘  *  v 

Grid-No.  2  Voltage  . .  •  . . 

Plate  Dissipation  . 

Grid-No.  2  Input  . .  .  „ .  .  . .  - - .  f  . .  .  . 

Bulb  Temperature  (At  hottest  point)  . . . 

TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Fixed  Bias 


Plate  Supply  Voltage  . . .  250 

Grid-No.  2  Supply  Voltage  .  250 

Grid-No.l  Voltage  . .  — 15 

Cathode-Bias  Resistor  .  - - — 

Peak  AF  Grid-No.  1-to- 

Grid-No.l  Voltage  . .  . . . , . . 

Zero-Signal  Plate  Current  . . . . 

Maximum-Signal  Plate  Current 
Zero-Signal  Grid-No.  2  Current  ...  .V. 
Maximum-Signal  Grid-No.2  CuiTent  . 
Effective  Load  Resistance 

( Plate-to-plate)  . . . .  . . . .  . . ...  8000 

Total  Harmonic  Distortion  . .  2 

Maximum-Signal  Power  Output  ......  12.5 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l -Circuit  Resistance  : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  .  . . . . 


30 

92 

105 

7 

16 


350 

280 

—22 


44 

58 

106 

3.5 
14 

7500 

1.5 
20 


400 

290 

—25 


50 

50 

107 

2.5 

13.7 

8000  . 
2 

24 


439 


0.4  max 

pF 

.  9  • 

pF 

6  .  , 

pF 

250 

volts 

250 

volts 

— 15 

volts 

73000 

ohms 

4800 

/imhos 

46 

mA 

3.5 

mA 

-40 

volts 

440 

volts 

330 

volts 

12 

watts 

watts 

250,  : 

°c 

Cathode  Bias 

300 

310 

volts 

300 

310 

volts 

'  '  •  ••  '• 

volts 

230 

270  ... 

ohms 

48 

55  ' 

volts 

80 

'  •  77  . 

mA 

96 

92 

mA 

6 

5 

mA 

14 

,14  ., 

mA 

5500 

6000 

ohms 

2 

4 

per  cent 

15 

■  ■  .17 

watts 

0.5 

megohm 

.... 

1 

megohm 

Push-Pull  Class  ABX  Amplifier 

Grid  No.2  of  Each  Tube  Connected  to  Tap  on  Plate  Winding  of  Output  Transformer 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  and  Grid~No.2  Supply  Voltage  . 

Plate  Dissipation  . . 

Grid-No.2  Input  . . . 

Bulb  Temperature  (At  hottest  point)  . . . . 

TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  .  . . . . . . 

Grid-No.l  Voltage*  . . . . . . 


. . . .  410  volts, 

12  watts 

.  1.75  watts 

250  °C 

Fixed  Bias  Cathode  Bias 

375  370  volts 

*  #  volts 

—33.5  — *  volts 


440 
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Cathode-Bias  Resistor  . .  .  . . ; . 

— • 

355 

ohms. 

Peak  AF  Grid-No.  1-to- Grid-No.l  Voltage  . 

67 

62  . 

volts 

Zero-Signal  Cathode  Current  . 

62 

74 

mA 

Maximum-Signal  Cathode  Current  . 

95 

84 

mA 

Effective  Load  Resistance  (Plate-to-plate)  . 

12500 

13000 

ohms 

Total  Harmonic  Distortion  . . . 

1.5 

1.2 

per  cent 

Maximum-Signal  Power  Output  . .  . . 

18.5 

15 

watts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circu  it  Resistance ; 

For  fixed-bias  operation  . 

0.1 

megohm 

For  cathode-bias  operation  . 

1 

megohm 

*  Obtained  from  taps  on  the  primary  winding  of  the  output  transformer.  The  taps  are  located 
on  each  side  of  the  center  tap  ( R~f~)  so  as  to  apply  50  per  cent  of  the  plate  signal  voltage  to 
grid  No. 2  of  each  output  tube. 

#  Obtained  from  taps  on  the  primary  winding  of  the  output  transformer.  The  taps  are  located 
on  each  side  of  the  center  tap  (B-f-)  so  as  to  supply  43  per  cent  of  the  plate  signal  voltage  to 
grid  No.2  of  each  output  tube. 

•  The  type  of  input-coupling  network  used  should  not  introduce  too  much  resistance  in  the 
grid-No.l  circuit.  Transformer-  or  impedance-coupling  devices  are  recommended. 


7025  HIGH-MU  TWIN  TRIODE 

Miniature  type  used  as  phase  inverter  or  resistance- 
coupled  amplifier  in  high-quality,  high-fidelity  audio 
amplifiers.  Outlines  section,  6B;  requires  miniature  7- 
contact  socket.  This  type  is  identical  with  miniature 
type  12AX7A  except  that  it  has  a  controlled  equiva¬ 
lent  noise  and  hum  characteristic.  For  operation  as 
resistance -coup  led  amplifier,  refer  to  Resistance- 
Coupled  Amplifier  section. 


EQUIVALENT-NOISE  AND  HUM  VOLTAGE  REFERENCED  TO  GRID  (Each  Unit) 

Average  Value  (rms)f  . . .. . .  1.8  fxV 

Maximum  Value  (ms)»  . .  7  /iV 

f  Measured  in  “true  rms”  units  under  following  conditions:  heater  volts  (ac),  6.3  (parallel 
connection)  ;  center  tap  of  heater  transformer  connected  to  ground;  plate  supply  volts,  250; 
plate  load  resistor,  2700  ohms  ;  cathode-bypass  capacitor,  100  fiF ;  grid  resistor,  0  ohms ;  and 
amplifier  covering  frequency  range  between  25  to  10000  cycles  per  second. 

•Same  conidtions  as  for  “Average  Value”  except  cathode  resistor  is  unbypassed  and  grid 
resistor  is  0.05  megohm. 

7027  Refer  to  chart  at  end  of  section. 


7027 A  BEAM  POWER  TUBE 


Glass  octal  type  used  in  push-pull  power  amplifier  cir¬ 
cuits  of  high-fidelity  audio  equipment.  Outlines  section, 
9F;  requires  octal  socket.  This  tube,  like  other  power¬ 
handling  tubes,  should  be  adequately  ventilated. 

Heater  Voltage  (ac/dc)  . . . 

Heater  Current  .  . . . . 

Heater-Cathode  Voltage : 

Peak  value  . . . . . . . 

Average  value  . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . .  . . . . ....... . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . 

Plate  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  ....... , . . 

Class  A,  Amplifier 

CHARACTERISTICS 

Plate  Voltage  . .  . . . . 

Grid-No.2  (Screen-Grid)  Voltage  . . . 

Grid-No.l  (Control-Grid)  Voltage  . . . . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . . . 

Plate  Current  . . .  . 

Grid-No.2  Current  . . . .  -  — 


SHY 

6.3 

volts 

,0.9 

ampere 

±200  max 

volts 

100  max 

volts 

1.5 

pF 

10 

pF 

7.5 

pF 

250 

volts 

250 

volts 

—14 

volts 

22500 

ohms 

6000 

,/xmhos 

72 

mA 

5 

mA 

PLATE  MILLIAMPERES 


Technical  Data 
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Push-Pull  Class  ABj  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . •  •  • « ♦  ■  •  ■  ■  •  ••<«'•« > •  •  ■  ■  •  -  -  • 

Grid-No. 2  Voltage  . 

Plate  Dissipation  . 

Grid-No.  2  Input  . - . 


600 

600 

36 

6 


volts 

volts 

watts 

watts 


TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Fixed  Bias 

Plate  Supply  Voltage  . 400  450  640 

Grid-No.2  Supply  Voltage  .  300  350  400 

Grid-No.  1  Voltage  . . —25*  —30*  —38* 

Cathode-Bias  Resistor  .  —  —  ~~ 

Peak  AF  Grid-No.  1-to-Grid-No.l  Voltage  50  60  76 

Zero-Signal  Plate  Current  . 102  95  100 

Maximum-Signal  Plate  Current  ......  152  194  220 

Zero-Signal  Grid-No.2  Current  .  6  3.4  5 

Maximum-Signal  Grid-No.2  Current  . .  17  19.2  21.4 

Effective  Load  Resistance 

(Plate-to-plate)  . 6600  6000  6500 

Total  Harmonic  Distortion  ..........  2  1.5  2 

Maximum-Signal  Power  Output  .  34  50  76 


Cathode  Bias 


400 

380 

425 

volts 

300 

380 

415 

volts 

— 

— 

volts 

200 

180 

200 

ohms 

57 

68.5 

86 

volts 

112 

138 

150 

mA 

128 

170 

196 

mA 

7 

5.6 

8 

mA 

16 

20 

20 

mA 

6600 

4500 

3800 

ohms 

2 

3.5 

4 

per  cent 

32 

36 

44 

watts 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation*  — . .  JJ-1 

For  cathode-bias  operation  . . . .  ®*6 

•  The  type  of  input  coupling  network  used  should  not  introduce  too  much  resistance  in  the 
grid-No.l  circuit.  Transformer-  or  impedance-coupling  devices  are  recommended. 


megohm 

megohm 


Push-Pull  Class  ABi  Amplifier 

Grid  No.2  of  Each  Tube  Connected  to  Tap  on  Plate  Winding  of  Output  Transformer 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  and  Grid-No.2  Supply  Voltage  . 

Plate  Dissipation  ; . . 

Grid-No.2  Input  . 

TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Supply  Voltage  . 

Grid-No.2  Supply  Voltage  . . . 

Cathode-Bias  Resistor  . . 

Peak  AF  Grid-No.  1-to-Grid-No.l  Voltage  . . . .  - 

Zero-Signal  Cathode  Current  . . . . 

Maximum-Signal  Cathode  Current  . . . . 

Effective  Load  Resistance  (Plate  to  plate)  . . . 

Total  Harmonic  Distortion  . . . . . 

Maximum-Signal  Power  Output  . . . 

MAXIMUM  CIRCUIT  VALUE 

Grid-No.  1-Circuit  Resistance,  for  cathode-bias  operation 


600 

volte 

35 

watts 

4.5 

watts 

410 

volts 

* 

volte 

220 

ohms 

68 

volts 

134 

mA 

155 

mA 

8000 

ohms 

1.6 

per  cent 

24 

watts 

0.5 

megohm 

*  Obtained  from  taps  on  the  primary  winding  of  the  output  transformer.  The  taps  are  located 
on  each  side  of  the  center  tap  so  as  to  apply  43  per  cent  of  the  plate  signal  voltage  to 

grid  No.2  of  each  output  tube. 


PLATE  VOLTS  szcs~i0l33T 
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POWER  PENTODE 


miniature  9-contact  socket. 

Heater  Voltage  . .  I . . 

Heater  Current  .  . . . . 

Peak  Heater-Cathode  Voltage  . . . . . 

Direct  Intereieetrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  .  . . . . .  .u>  . . . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No;2,  and  Grid  No.3 
Plate  t<>  Cathode,  Heater,  Grid-No.2,  and  Grid  No.3 
Grid  No.l  to  Heater  - - - - - - - - - - 


Class  Ai  Amplifier 


CHARACTERISTICS 

Plate  Voltage  .  . . 

Grid-No.2  (Screen-Grid)  Voltage  . . 
Grid-No.l  (Control-Grid)  Voltage  . 
Mu-Factor,  Grid  No. 2  to  Grid  No.l 

Plate  Resistance  (Approx.)  . 

Transconduetance  . 

Plate  Current  . 

Grid-No.2  Current  . . 


gs®LL 

T ==r 

G|@^ 

Ur~i 

n/xJ 

\J®\c 

li¬ 

Q 

- 

es 

1C 

GZ 

BIO 

6,3 

volts 

0;76 

ampere 

±106  max 

volts 

0.5 

PF 

10,3 

PF 

.  6.5' 

pF 

0.20k 

pF 

250 

volts 

250 

volts 

—7.3 

volts 

10.5 

40000: 

ohms 

11300 

(umhos 

43 

mA 

6.5 

mA 

Push-Pull  Class  ABX  Amplifier 


MAXIMUM  RATINGS  (Design-Center  Values) 

Plate  Voltage  . . 

Grid-No.2  Voltage . . . 

Cathode  Current  . . . . 

Plate  Dissipation  . . . 

Zero-Signal  Grid-No.2  Input . . — . 

Maximum-Signal  Grid-No.2  Input  .  . 

TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Supply  Voltage  . 

Plate  Voltage  . . .  . .  .  .  . . 

Grid-No.2  Supply  Voltage  . . . . . V. . . . 

Grid-No.2  Voltage  . . 

Grid-No.l  Voltage  . . 

Cathode-Bias  Resistor  . . . 

Peak  AF  Grid-No.l  Voltage  . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current  . . . 

Zero-Signal  Grid-No.2  Current  . . . 

Maximum-Signal  Grid-No.2  Current  . . 

Effective  Load  Resistance  ( Plate- to-plate)  . 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output  . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.l -Circuit  Resistance  . . 


Grid-No.2 

Special 

Connection* 


400 

375 

volts 

300 

volts 

65 

/  ;  '65 

mA 

12 

12 

watts 

2 

2 

watts 

4 

4  ; 

watts 

___ 

375.;..  . 

volts 

400  ; 

volts 

300 

volts 

—15 

— . 

volts 

— •.  i  i  ■, 

^  •  220 

ohms 

14.8 

17,7 

volts 

ir> 

70 

mA 

105 

81 

mA 

1.6 

* 

mA 

■  25 

* 

mA 

8000 

11000 

ohms 

4 

3 

per  cent 

24 

16.5 

watts 

Fixed  Bias 

Cathode  Bias 

0.3 

megohm 

•  Grid  No.2  ol!  each  tube  connected  to  tap  on  plate  winding  of  output  transformer. 

»  Obtained  from  taps  on  primary  winding  of  the  output  transformer.  The  taps  are  located  on 
each  side  of  the  center  tap  (B+)  so  as  to  supply  43  per  cent  of  the  plate  signal  voltage  to 
grid  No.2  of  each  output  tube. 


7199 


MEDIUM-MU  TRIODE— 
SHARP-CUTOFF  PENTODE 


Miniature  type  used  in  high-quality,  high-fidelity  audio 
equipment,  particularly  in  phase  splitters,  tone-control 
amplifiers,  and  high-gain  voltage  amplifiers.  Outlines 
section,  6B;  requires  miniature  9-contact  socket.  For 
operation  as  resistance-coupled  amplifier,  refer  to  Re¬ 
sistance-Coupled  Amplifier  section.  In  direct-coupled 
voltage-amplifier  phase-splitter  circuits,  the  pentode 
unit  should  drive  the  triode  unit. 


Technical  Data 


Heater  Voltage  (ac/dc)  . * 

Heater  Current  . . . . . 

Heater-Cathode  Voltage 

Peak  value  . . . . » 

Average  value  . 

Direct  Interelectrode  Capacitances : 

Tr iode  TJ nit...:  -*  .. , i y  & 

:  Grid  to  Plate,  .  . . .  ..V.V.V.t  J . . . . . .  . . . 

Grid  to  Cathode  and  Heater  . 

Plate  to  Cathode  and  Heater . . . . . 

Pentode  Unit: 

Grid  No.l  to  Plate  .  . ,  / —  . . . ... ....  ....  .  ... . . ....  ...  •  • . . 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  Grid  No,3,  and 

Internal  Shield  . . . . . 

Plate  to  Cathode,  Heater,  Grid  No.2,  Grid  No. 3,  and 

Internal  Shield  . . . 

EQUIVALENT-NOISE  AND  HUM  VOLTAGE  REFERENCED  TO  GRID 


Median  Value  (rms)  .  .  . 
Maximum  Value  (rms) 


10f 

150f 


443 

6.3 

volts 

0.45  ,  ..  • 

ampere 

rfz200  max 

volts 

100  max 

volts 

2  ::'f 

pF 

2.3  '  ' 

pF 

0.3 

pF 

0.06  max 

pF 

6 

pF 

2 

pF 

entode  Unit 

35* 

AV 

TOO* 

AV 

t  Measured  in  “true  rms”  units  under  the  following  conditions:  heater  volts  (ac),  6.3;  center 
tap  of  heater  transformer  connected  to  ground ;  plate-supply  volts,  250 ;  plate  load  resistor, 
0.1  megohm;  cathode  resistor,  1500  ohms;  grid  resistor,  0.05  megohm ;  and  amplifier  covering 
frequency  range  between  25  and  10000  cycles  per  second. 

•  Same  conditions  as  for  triode  unit  except :  grid-No.2  supply  volts,  250 ;  grid-No.2  resistor, 
0.33  megohm;  grid-No.2-bypass  capacitor,  0.22  /:F;  cathode  resistor,  1200  ohms;  and  grid-No.l 
resistor,  0.05  megohm. 


Class  A1  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Triode  Unit  Pentode  Unit 

Plate  Voltage  . 

Grid-No.2  (Screen-Grid)  Voltage  . 

330 

330 

See  curve  page  96 

volts 

Grid-No.2  Supply  Voltage  . 

330 

volts 

Grid-No.l  (Control-Grid)  Voltage,  Positive-bias  value 

0 

0 

volts 

Plate  Dissipation  . . 

Grid-No.2  Input: 

2.4 

3 

watts 

For  grid-No.2  voltages  up  to  166  volts  . 

For  grid-No.2  voltages  between  165  and  330  volts 

*  * 

0.6 

See  curve  page  96 

watt 

CHARACTERISTICS 

Plate  Supply  Voltage  . . . 

Grid-No.2  Supply  Voltage . . . . . . 

Grid-No.l  Voltage  . . . .  . . 

Cathode-Bias  Resistor  . 

Amplification  Factor  .  . . , . 

Plate  Resistance  (Approx.)  . . . 

Transconductance  . .  .... . .  . .......... 

Plate  Current  . . 

Grid-No.2  Current  . . . 

Grid-No.l  Voltage  (Approx.)  for  plate  current 
of  10  yuA . . . . .  /, . 


Triode  Unit  Pentode  Unit 


215 

100 

220 

volts 

— 

50 

130 

volts 

— 8.5 

— - 

■ . — 

volts 

17 

1000 

62 

ohms 

0.0081 

1 

0.4 

megohm 

2100 

1500 

7000 

/imhos 

9 

1.1 

,  12.5  : 

■  raA 

,  ~ ’ 

0.35 

3.5 

mA 

—40 

— 4 

'  — '  • 

volts 

MAXIMUM  CIRCUIT  VALUES  Triode  Unit  Pentode  Unit 

Grid-No.  1-Circuit  Resistance:* 

For  fixed-bias  operation  . . .  0.5  0.25  megohm 

For  cathode-bias  operation  .  1.0  1.0  megohm 


*  If  either  unit  is  operated  at  maximum  rated  conditions,  grid-No.l-eircuit  resistance  for  both 
units  should  not  exceed  the  stated  value. 


0  100  200  300  400 


PLATE  VOLTS  92CS-9693T 
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7247 


Refer  to  chart  at  end  of  section. 


7355  POWER  PENTODE 

Glass  octal  type  used  in  the  power-output  stage  of 
high-fidelity  audio-frequency  amplifier  systems.  Out¬ 
lines  section,  13F;  requires  octal  socket.  Heater:  volts 
(ac/dc),  6.3;  amperes,  0.8;  maximum  heater-cathode 
volts,  ±200  peak,  100  average. 

Class  A*  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . .  . ; . 

Grid-No. 2  (Screen-Grid)  Voltage  . . . . 

Grid-No.  1  (Control-Grid)  Voltage,  Positive-bias  value . 

Average  Cathode  Current  . . 

Plate  Dissipation  . . . 

DC  Grid-No. 2  Input  . . . . 

TYPICAL  OPERATION  AND  CHARACTERISTICS 

Plate  Voltage  . 

Grid-No.  2  Voltage  . 

Grid-No.  1  Voltage  . . . 

Peak  AF  Grid-No. 1  Voltage  . 

Plate  Resistance  (Approx.)  . . 

Transconductance  . 

Zero-Signal  Plate  Current . . . . 

Maximum  Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . . . . . 

Maximum-Signal  Grid-No.2  Current  . . 

Load  Resistance  . . . 

Total  Harmonic  Distortion  (Approx.)  . . . . 

Maximum-Signal  Power  Output  . . . 

Grid-No.  1  Voltage  (Approx.)  for  plate  current  of  500  /. tA  . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1 -Circuit  Resistance : 

For  fixed-bias  operation  . . 

For  cathode-bias  operation  . . . 


8KN 


500 

volts 

400 

volts 

0 

volts 

100 

mA 

18 

watts 

3.5* 

volts 

250 

volts 

225 

volts 

— 15 

volts 

15 

volts 

42000 

ohms 

7600 

#mhos 

62 

mA 

74 

mA 

3.2 

mA 

16.5 

mA 

2500 

ohms 

15 

per  cent 

9 

watts 

- — 35 

volts 

0,5  megohm 

1  megohm 


.  Grid-No.2  input  may  reach  7  watts  during  peak  levels  of  speech  and  music  signals. 

Push-Pull  Class  AB1  Amplifier 


MAXIMUM  RATINGS  (Same  as  for  class  Ai  amplifier) 
TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Voltage  . . . 

Grid-No.2  Voltage . . 

Grid-No.  1  Voltage  . . - . . 

Peak  AF  Grid-No.l  Voltage  . 

Zero-Signal  Plate  Current . . . 

Maximum-Signal  Plate  Current  . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Sighal  Grid-No.2  Current  .  . . 

Effective  Load  Resistance  ( Plate- to-plate)  . 

Total  Harmonic  Distortion  . . 

Maximum-Signal  Power  Output  . • . 


300 

400 

volts 

250 

300 

volts 

—21 

- — 34 

volts 

42 

60 

volts 

100 

56 

mA 

185 

175 

mA 

5.5 

3.5 

mA 

24 

24 

mA 

4000 

5000 

ohms 

2 

6 

per  cent 

28.5 

40 

watts 

7408  BEAM  POWER  TUBE 


Glass  octal  type  used  as  output  amplifier  tube  in  high- 
quality  sound  systems.  Outlines  section,  13D;  requires 
octal  socket. 


7AC 


Heater  Voltage  (ac/dc) 

Heater  Current  . 

Heater- Cathode  Voltage : 

Peak  value  . 

Average  value  . . . . . 


6.3 

volts 

0.45 

ampere 

±200 

volts 

100 

volts 

Technical  Data 
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Direct  Interelectrode  Capacitances : 

Grid  No.l  to  Plate  . ■  • 

Grid  No.l  to  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3 
Plate  to  Cathode,  Heater,  Grid  No.2,  $nd  Grid  No.3  . , 

Class  Ai  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . ' . 

Grid-No. 2  (Screen-Grid)  Voltage . . . 

Grid-No.2  Input  . . . . * . 

Plate  Dissipation  . . 

TYPICAL  OPERATION  AND  CHARACTERISTICS 

Plate  Voltage  . •  •  • . 

Grid-No.2  Voltage  . 

Grid-No.  1  (Control-Grid)  Voltage  . . . 

Peak  AF  Grid-No.  1  Voltage  . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current  . * . . 

Zero-Signal  Grid-No.2  Current  . 

Maximum-Signal  Grid-No.2  Current  . 

Plate  Resistance  (Approx.)  . 

Transconductance  . 

Load  Resistance  . 

Total  Harmonic  Distortion  . . 

Maximum-Signal  Power  Output  . 

MAXIMUM  CIRCUIT  VALUES 

Grid-No.  1-Circuit  Resistance: 

For  fixed-bias  operation  . . . 

For  cathode-bias  operation  . ' . . 


60 

250 

0 

100* 

22* 


0.7 

9 

7.5 


350 

315 

2.2 

14 


250 
250 
* — 12.5 
12.5 
45 
47 
4.5 
7 

50000 

4100 

6000 

7 

4.5 


0.1 

0.5 


*  This  value  can  be  measured  by  a  method  involving  a  recurrent  waveform  such 
maximum  ratings  of  the  tube  will  not  be  exceeded. 


pF 

pF 

»F. 


•  volts 
volts 
watts 
watts 


volte 
volts 
volte 
volts 
mA 
m  A. 
mA. 
mA 
ohms 
/imhos 
ohms 
per  cent 
watts 


megohm 

megohm 

that  the 


7BK 


SHARP-CUTOFF  PENTODE  J543 

Miniature  type  used  in  compact  audio  equipment.  Out¬ 
lines  section,  5C;  requires  miniature  7-contact  socket. 
This  type  is  identical  with  miniature  type  6AU6A  ex¬ 
cept  that  it  has  a  controlled  hum  characteristic. 


HUM  OUTPUT  VOLTAGE 

Average  Value,  (rms,  cathode  bypassed)  . . .  L2*f  millivolts 

Average  Value  (rms,  cathode  unbypassed)  . .  0.9*  millivolt 

t  Measured  in  “true  rms”  unite  under  the  following  conditions:  heater  volte  (ac),  6.3;  center 
tap  of  heater  transformer  connected  to  ground ;  plate  and  grid-No.2  supply  volts,  260  ;  plate 
load  resistor,  0.27  megohm;  grid  No.3  and  internal  shield  connected  to  cathode  at  socket; 
grid-No.2  resistor,  0.68  megohm ;  grid-No.l  resistor,  0.1  megohm ;  cathode  resistor,  1000  ohms ; 
grid  resistor  of  following  stage,  10  megohms;  and  stage  gain,  340. 

•  Same  conditions  as  above  except  that  cathode  resistor  is  unbypassed  and  stage  gain  is  HO. 

Refer  to  chart  at  end  of  section.  75$  1 


POWER  PENTODE  7591 A 

Glass  octal  type  used  as  audio-frequency  power-out¬ 
put  tube  in  high-quality  audio  applications.  Outlines 
section,  13D;  require  octal  socket.  Heater:  volts 
(ac/dc),  6.3;  amperes,  0.8;  maximum  heater-cathode 
volts,  ±200  peak,  100  average. 


Class  Ai  Amplifier 


MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  .-.  .  . . .  . . .  . . . 

Grid-No.2  (Screen-Grid) ,  Voltage  . . 

Cathode  Current  . . . 

Plate  Dissipation  . . . 

Grid-No.2  Input  . - . . . . 


550 

.  volte 

440 

volts 

90 

mA 

19 

watts 

3.3* 

watts 
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TYPICAL  OPERATION  ANO  CHARACTERISTICS 

Plate  Voltage  .  . . . . . 

Grid-No.2  Voltage  . . . . . . 

Grid-No.  1  (Control-Grid)  Voltage  . . . . . . . 

Peak  AP  Grid-No.!  Voltage  ^  . . . 

-Zero-Signal  Plate  Current . .  .  .  . .  ,  .  . . ",  . . 

Maximum-Signal  Plate  Current  . . .  . . .  * 

Zero-Signal  Grid-No.2  Current  . . . . 

Maximum-Signal  Grid-No.2  Current  . . 

Triode  Amplification  Factor*  . . .  ; . . . . 

Plate  Resistance  (Approx.)  . . . . . 

Transeonductance  . . . . ................... 

Load  Resistance  . . . ; . . . .  .  .  .  . . . 

Total  Harmonic  Distortion  .  . . . . 

Maximum-Signal  Power  Output  . . . 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.  1-Circuit  Resistance  : 

For  fixed-bias  operation  . . . . . 

For  cathode-bias  operation  . . . . . .  . . 

•  Grid-No.2  input  may  reach  6  watts  during  peak  levels  of  speech  and 

*  Triode  connection,  grid  No.2  connected  to  plate. 

Push-Pull  Class  AB*  Amplifier 

MAXIMUM  RATINGS  (Same  as  for  Class  Ai  Amplifier) 

TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Supply  Voltage  . . 

Grid-No.2  Supply  Voltage  . . 

••  Grid-No.  1  Supply  Voltage  . . 

Cathode-Bias  Resistor 

(Common  to  both  cathodes)  . . 

Peak  AF  Grid-No.  1-to-Grid-No.l  Voltage  ...... 

Zero-Signal  Plate  Current  . . . . 

Maximum-Signal  Plate  Current  . . . 

Zero-Signal  Grid-No.2  Current . . 

Maximum-Signal  Grid-No.2  Current  . 

Effective  Load- Resistance  (Plate-to-plate)  .  .  i 

Total  ifarhfOnie  Distortion  :  ;  .i... . 

Maximum-Signal  Power  Output  . . . . 


300 

volts 

300 

volts 

.  —id 

volts 

10 

volts 

■  60 

m.A 

,  Tf>. 

mA 

8 

mA 

IS 

mA 

16.8 

29000  - 

ohms 

10200 

/.umhos 

3000* 

ohms 

13 

per  cent 

11 

watts 

0,3 

megohm 

1  . 

megohm 

music  signals. 

Fixed  Bias 

Ca  thode  Bias 

350 

450 

450 

volts 

350 

400 

400 

volts 

-15.5 

—21 

— 

volts 

_ _ 

_ _ 

200 

ohms 

31 

42 

28 

volte 

92 

66 

82 

mA 

130 

144 

94 

mA 

13 

9.4 

11,5  ■ 

mA 

28.6 

30 

22 

mA 

6600  -  i 

6600 

9000 

ohms 

'  J  -<  2 

1:5 

2 

per  cent 

30 

45 

28. 

watt3 

7695 


Refer  to  chart  at  end  of  section. 


7868  POWER  PENTODE 

Novar  type  used  in  output  stages  of  high-fidelity  audio 
amplifiers  and  radio  receivers.  Outlines  section,  11C  or 
30D;  requires  novar  9-contact  socket.  This  tube,  like 
other  power-handling  tubes,  should  be  adequately  ven¬ 
tilated. 


Heater  Voltage  (ac/dc)  . . . . 

Heater  Current  .  . . . . . . .  . . 

Heater-Cathode  Voltage : 

Peak  value  . . 

Average  value  . . . .  . . . . 

Direct  Interelectrode  Capacitances  (Approx.)  : 

Grid  No.l  to  Plate  . 

Grid  No,f  td.Cathode,  Heater,;  Grid  No.2 ,  and  Grid  Nb.3  . 

Plate  ttoi  Cathode,  Heater,  Grid  No.2,  and  Grid  No.3  . 

Class  Ax  Amplifier 

MAXIMUM  RATINGS  (Design-Maximum  Values) 

Plate  Voltage  . . . . . .  .  . . . 

Grid-No.2  (Screen-Grid)  Voltage  . .  . . . . . . . 

Average  Cathode  Current  . .  . . . . . . . . . .  .  . . -  * 

Plate  Dissipation  . . . . . . . 

Grid-No.2  Input  . . 

Bulb  Temperature  (At  hottest  point)  . 

TYPICAL  OPERATION  AND  CHARACTERISTICS 

Plate  Supply  Voltage  . . i ........ . . . . .  < ,..} . . 

Grid-No.2  Voltage  . . 

Grid-No.l  (Control-Giid)  Voltage  . . 

Peak  AF  Grid-No.l  Voltage  — . . . . . . 

Zero-Signal  Plate  Current  . . . . . . . . 

Maximum-Signal  Plate  Current . . . . . 

Zero-Signal  Grid-No.2  Current  . .  .  . . . . . . . . 

Maximum-Signal  Grid-No.2  Current  . 


6.3 

volte 

0.8 

ampere 

±200  max 

volte 

100  max 

volts 

0.15 

pF 

11 

pF 

4.4 

PF 

550* 

volts 

440 

volts 

90 

mA 

19  ,  .... 

watte 

3.3*  ' 

watts 

240 

°C 

300 

volte 

300 

volte 

-10 

Volts 

10 

volte 

60 

mA 

75 

mA 

.8 

mA 

15 

mA 

Technical  Data 
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ohms 
itmhos 
ohms 
per  cent 
watts 


megohm 
megohm 

»  In  push-pull  circuits  where  the  grid  No.2  of  each  tube  is  connected  to  a  tap  on  the  plate 
winding  of  the  output  transformer,  this  maximum  rating  is  440  volts. 

•  Grid  No.2  input  may  reach  6  watts  during  peak  levels  of  speech  and  music  signals, 

Push-Pull  Class  AB-t  Amplifier 

MAXIMUM  RATINGS  (Same  as  for  class  Ai  amplifier) 


TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Cathode 

Plate  Supply  Voltage . 

300 

350 

Fixed  Bias 

400  450 

450 

Bias 

450 

volts 

Grid-No.2  Supply  Voltage . 

300 

350 

350 

350 

400 

400 

volts 

Grid-No. X  Voltage  . .  . 

— 12.6 

—15.5 

—16 

—16.5 

.  —21 

— 

volts 

Cathode-Bias  Resistor  (Common 
to  both  cathodes)  . .  .  . 

_ 

— 

_ 

— 

170 

ohms 

Peak  AF  Grid-No.l-to- 
Grid-No.l  Voltage  . 

25 

31 

32 

33 

42 

31 

volts 

Zero-Signal  Plate  Current  . 

74 

72 

64 

60 

40 

86 

mA 

Maximum-Signal  Plate  Current. 

116 

130 

135 

142 

145 

94 

mA 

Zero-Signal  Grid-No.2  Current  . 

10 

9.6 

8 

7.2 

5 

10 

mA 

Maximum-Signal  Grid-No.2 
Current  . 

28 

32 

28 

26 

30 

20 

mA 

Effective  Load  Resistance 
(Plate-to-plate)  . 

6600 

6600 

6600 

6600 

6600 

10000 

ohms 

Total  Harmonic  Distortion  .... 

5 

2.5 

2 

2.5 

5 

2 

per  cent 

Maximum-Signal  Power  Output 

24 

30 

34 

38 

•  44  ! 

28 

watts 

Plate  Resistance  ( Approx.)  . . . . .  23000 

Transconductance  ,  .  . .  3”200 

Effective  Load  Resistance  .  *b00 

Total  Harmonic  Distortion  . .  • 

Maximum-Signal  Power  Output  ......... . . . .  11 

MAXIMUM  CIRCUIT  VALUES 
Grid-No.l«Circuit  Resistance  :  .  a  .  . -  a 

For  fixed-bias  operation  . b.3 

For  cathode-bias  operation  . 1 


Push-Pull  Class  ABt  Amplifier 


Grid  No.2  of  Each  Tube  Connected  to  Tap  on  Plate  Winding  of  Output  Transformer* 


MAXIMUM  RATINGS  (Same  as  for  class  Ai  amplifier) 
TYPICAL  OPERATION  (Values  are  for  two  tubes) 

Plate  Supply  Voltage  . . . 

Grid-No. 2  Supply  Voltage  . 

Grid-No.  1  Voltage  . . . . 

Cathode-Bias  Resistor  (Common  to  both  cathodes)  .. 

Peak  AF  Grid-No.  1-to-Grid-No.l  Voltage  .. . . 

Zero-Signal  Plate  Current  . 

Maximum-Signal  Plate  Current  . . 

Zero-Signal  Grid-No.2  Current  . . 

Maximum-Signal  Grid-No.2  Current  . . 

Effective  Load  Resistance  (Plate-to-plate)  . 

Total  Harmonic  Distortion  . 

Maximum-Signal  Power  Output  . 


Fixed  Bias  Cathode  Bias 


400 

425 

volts 

* 

volts 

-20.5 

- — 

volts 

—  ■ 

185  - 

ohms 

41 

42 

volts 

60 

88 

mA 

115 

loo 

mA 

8 

12 

mA 

18 

:  3.6  A 

mA 

6600 

6600 

ohms 

2.5 

3.5 

per  cent 

23 

21 

watts 

*  Grid  No.2  supply  voltage  is  obtained  from  taps  on  the  primary  winding  of  the  output  trans¬ 
former.  The  taps  are  located  on  each  side  of  the  center  tap  (B~K)  so  as  to  apply  50  per  cent 
of  the  plate  signal  voltage  to  the  grid  No.2  of  each  output  tube. 


Refer  to  chart  at  end  of  section.  EM84/6FG6 
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RCA  Types  for 


Key  to  Chart:  Type  numbers  shown  in  light  face 
are  discontinued  types.  Outline  numbers  refer  to 
diagrams  shown  in  the  Outlines  section  later  in 


RCA 

Type 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or  Use 

Filament  (F)  Values  to  right  give  operat- 

Volts  Amperes  ing  conditions  and  character¬ 

istics  for  indicated  typical  use 

0Z4 

Full-Wave  Gas  Rectifier 

2A 

4R 

— 

— 

Rectifier 

0Z46 

Full-Wave  Gas  Rectifier 

29D 

4R 

— 

- - 

Rectifier 

1A3 

Diode 

5C 

SAP 

1.4 

0.15 

Rectifier 

1A4P 

Remote-Cutoff  Pentode 

248 

4M 

2. OF 

0.06 

Class  A  Amplifier 

1A5GT 

Power  Pentode 

13D 

SX 

1.4F 

0.05 

Class  A  Amplifier 

1A6 

Pentagrid  Converter 

24B 

GL 

2  OF 

0.06 

Converter 

1A7GT 

Pentagrid  Converter 

14A 

n 

1.4F 

0.05 

Converter 

1AC5 

Power  Converter 

29A 

acp 

1.25F 

0.04 

Class  A  Amplifier 

1AD5 

Sharp-Cutoff  Pentode 

29A 

8CP 

1.25F 

0.04 

Class  A  Amplifier 

mi 

Half-Wave  Rectifier 

7A 

9Y 

1.4F 

0.65 

Pulsed  Rectifier  in  TV  Receivers 

1B3GT 

Half-Wave  Rectifier 

14E 

30 

1.25F 

0.2 

Pulsed  Rectifier  in  TV  Receivers 

1B4P 

Sharp-Cutoff  Pentode 

248 

4M 

2.0F  . 

0.06 

Class  A  Amplifier 

IBS/ 

25S 

Twin  Diode— Medium-Mu  Triode 

22  or 
13H 

6M 

2. OF 

0.06 

Triode  Unit  as  Class  A  Amplifier 

1B7GT 

Pentagrid  Converter 

14A 

n 

1.4F 

0.10 

Converter 

1C5GT 

Power  Pentode 

130 

sx 

1.4F 

0.10 

Class  A  Amplifier 

1C6 

Pentagrid  Converter 

24B 

GL 

2.0F 

0.12 

Converter 

1C7G 

Pentagrid  Converter 

23 

n 

2.0F 

0.12 

Converter 

1D5GP 

Remote-Cutoff  Pentode 

23 

5Y 

2.0F 

0.06 

Class  A  Amplifier 

1D5GT 

Remote-Cutoff  Tetrode 

23 

5R 

2. OF 

0.06 

Class  A  Amplifier 

1D7G 

Pentagrid  Converter 

23 

7Z 

2.0F 

0.06 

Converter 

Pentode  Unit  as  Class  A 

1D8GT 

Diode-Triode-Power  Pentode 

14A 

6AJ 

1.4F 

0.10 

Amplifier 

Triode  Unit  as  Class  A 
Amplifier 

1DN5 

Diode— Semiremote-Cutoff  Pentode 

5C 

68W 

1.4F 

0.5 

Pentode  Unit  as  Class  A 
Amplifier 
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Replacement  Use 


the  Manual  (see  Table  of  Contents  on  inside  front 
cover).  Basing  diagrams  are  included  in  numeri¬ 
cal-alphabetical  order  at  the  end  of  the  chart. 


Power 


Plate 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Screen  Cur- 
Grid  rent 

Plate  AC  Plate 
Our-  Resist- 
rent  ance 

Trans-  Amplifi- 

conducf-  cation 
ance  Factor  Load 

Out¬ 

put 

RCA 

Type 

Volts 

Volts  mA 

mA  Ohms 

Micromhos  Ohms 

Watts 

Starting-Supply  Voltage  per  Plate,  300  min.  peak  volts 

DC  Output  Current,  75  max.,  30  min.  rnA 

Peak  Plate  Current,  200  max,  mA 

DC  Output  Voltage,  300  max.  volts. 

0Z4 

Starting-Supply  Voltage  per  Plate,  300  min.  peak  volts 

DC  Output  Current,  75  max.,  30  min.  mA 

Peak  Plate  Current,  200  max.  mA 

DC  Output  Voltage,  300  max.  volts. 

02dG 

Max.  Peak  Plate  Inverse  Volts,  330 

Max.  Peak  Plate  mA,  5 

Max.  DC  Output  mA,  0.5 

Max.  Peak  Heater-Cathode  Volts,  140 

1A3 

For  other  characteristics,  refer  to  Type  1D5GP 

1A4P 

85 

90 

—  4.5V 

—  4.5V 

85  0.7 

90  1.1 

3.5  300000 

4.0  30000Q 

800  25000 

850  '  25000 

0.100 

0.115 

1A5GT 

135 

180 

—  3V 

—  3  V 

67.5  2.5 

67.5  2.4 

1.2  400000 

1.3  500000 

Anode-Grid  (2):  180  max.  volts 

2.3  mA  Oscillator-Grid  (1)  Resistor. 

1A6 

90 

ov 

45  0.7 

0.6  600000 

Anode-Grid  (2):  90  volts,  1.2  mA 
Oscillator-Grid  (1)  Resistor,  0.2  MQ 
Conversion  Transcond.,  250  micromhos 

1A70T 

45 

67.5 

—  3V 

—  4.5V 

45  0.2 

67.5  0.4 

1.0  170000 

2.0  150000 

600  -  40000 

750  -  25000 

0.015 

0.050 

1AC5 

30 

67.5 

OV 

ov 

30  0.16 

67.5  0.75 

0.45  700000 

1.85  700000 

430  . — -  - 

735  -  - 

_ 

1AD5 

Max.  Peak  Inverse  Plate  Volts,  25000 
Max.  Peak  Plate  mA,  45 

Max.  Average  Plate  mA,  0.5 

1AX2 

Max.  Peak  Inverse  Plate  Volts,  26000 
Max.  Peak  Plate  mA,  50 

Max.  Average  Plate  mA,  0.5 

1B3GT 

For  other  characteristics,  refer  to  Type  1E5GP 

1B4P 

For  other  characteristics,  refer  to  Type  1H6G 

IBS/ 

25S 

For  other  characteristics,  refer  to  Type  1A7GT 

1B7GT 

90 

—  7.5V 

90  3.5 

7.8  115000 

1550  —  8000 

0.24 

1C5GT 

For  other  characteristics,  refer  to  Type  1C7G 

1C6 

135 

180 

—  3V 

—  3V 

67.5  2.5 

67.5  2.0 

1.3  600000 

1.5  700000 

Anode-Grid  (2);  180  max.  volts, 

4.0  mA  Oscillator-Grid  (1)  Resistor. 
Conversion  Transcond.,  325  micromhos. 

1C7G 

90 

180 

l~3V  } 

1  mm.  J 

67.5  0.9 

67.5  0.8 

2.2  600000 
2.3  1  M 

720 

750  ~  — 

— 

1D5GP 

For  other  characteristics,  refer  to  Type  1D5GP 

1D5GT 

For  other  characteristics,  refer  to  Type  1A6 

1D7G 

90 

—  9V 

90  1.0 

5.0  - 

925  - -  12000 

0.200 

_  insftT 

90 

OV 

-  - 

1.1  43500 

575  25  - 

— 

1UOUI 

67.5 

OV 

67.5  0.55 

2.1  600000 

630  -  - 

— 

IDN5 

4-50 
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t m 

Mama 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

1E5GP 

Sharp-Cutoff  Pentode 

23 

5Y 

2.0F 

0.06 

Class  A  Amplifier 

1E7GT 

Twin  Power  Pentode 

130 

8C 

2.0  F 

0.24 

Ctass  A  Amplifier 

1E8 

Pentagrid  Converter 

29A 

8CN 

1.25F 

0.04 

Converter 

1F4 

Power  Pentode 

26 

5K 

2.  OF 

0.12 

Class  A  Amplifier 

IF5G 

Power  Amplifier  Pentode 

25 

6X 

2.  OF 

0,12 

Class  A  Amplifier 

1F6  ' 

Twin  Diode— Sharp-Cutoff  Pentode 

23 

6W 

2.0F 

0.06 

Pentode  Unit  as  Class  A 
Amplifier 

1F7G  " 

Twin  Diode— Sharp-Cutoff  Pentode 

23 

7AF 

2.0F 

0.06 

Pentode  Unit  as  Class  A 
Amplifier 

IG46T 

Medium-Mu  Triode 

13D 

5S 

1.4F 

0.05 

Class  A  Amplifier 

1G5G 

Power  Pentode 

25 

®X 

2.0F 

0.12 

Class  A  Amplifier 

IG6GT 

iigh-Mu  Twin  Power  Triode 

13D 

7AB 

1.4F 

0.10 

Class  8  Amplifier 

2.GF 

0.06 

Class  A  Amplifier 

1H4G 

Medium-Mu  Triode 

22 

55 

Class  9  Amplifier 

1H5GT 

Diode— High-Mu  Triode 

14A 

5Z 

1.4F 

0.05 

Triode  Unit  as  Class  A  Amplifier 

1H6G 

Twin  Diode— Medium-Mu  Triode 

22 

7AA 

2.0F 

0.06 

Triode  Unit  as  Class  A  Amplifier 

1J3 

Half-Wave  Rectifier 

14E 

3C 

1.25F 

0.2 

Pulsed  Rectifier  in  TV  Receivers 

1J5G 

Power  Pentode 

25 

6X 

2.0F 

0.12 

Class  A  Amplifier 

1J6G 

1J6GT 

Twin-Trlode  Amplifiers 

22 

13F 

TAB 

2.0F 

0.24 

Class  B  Amplifier 

1K3 

Half-Wave  Rectifier 

148 

3C 

1.25F 

0.2 

Pulsed  Rectifier  in  TV  Receivers 

..  m 

Pentagrid  Converter 

5C 

7DC 

1.4F 

0.05 

Converter 

1LA4 

Power  Pentode 

12B 

SAD 

1.4F 

0.05 

Amplifier 

1LA6 

Pentagrid  Converter 

12B 

7AX 

1.4F 

0.05 

Converter 

1L84 

Power  Pentode 

12B 

SAD 

1.4F 

0.05 

Class  A  Amplifier 

1105 

Sharp-Cutoff  Pentode 

12B 

TAD 

1-4F 

0.05 

Class  A  Amplifier 

1LC6 

Pentagrid  Converter 

12B 

7AX 

1.4F 

0.05 

Converter 

1LD5 

Diode— Sharp-Cutoff  Pentode 

12B 

SAX 

1.4F 

0.05 

Pentode  Unit  as  Class  A 
Amplifier 

1LE3~ 

Medium-Mu  Triode 

12B 

4AA 

1.4F 

0.05 

Class  A  Amplifier 

1LG5 

Remote-Cutoff  Pentode 

12B 

7A0 

1.4F 

0.05 

Class  A  Amplifier 

1LH4 

Diode— High-Mu  Triode 

12B 

SAG 

1.4F 

0.05 

Triode  Unit  as  Class  A  Amplifier 

UH5 

Sharp-Cutoff  Pentode 

12B 

7AQ 

1.4F 

0.05 

Class  A  Amplifier 

1N2A 

Half-Wave  Rectifier 

19A 

3C 

1.25F 

0.2 

Pulsed  Rectifier  in  TV  Receivers 

1N5GT 

Sharp-Cutoff  Pentode 

14A 

5¥ 

1.4F 

0.05 

Class  A  Amplifier 

1M6G 

Diode— Power  Pentode 

29A 

7AM 

1.4F 

0.05 

Pentode  Unit  as  Class  A 
Amplifier 

1P5GT 

Remote-Cutoff  Pentode 

14A 

5Y 

1.4F 

0.05 

Class  A  Amplifier 

1G5GI 

Beam  Power  Tube 

1 3D 

SAF 

1.4F 

0.1 

Class  A  Amplifier 

RCA  Types  for  Replacement  Use 
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Power 

Grid  Bias 

Screen 

RCA 

or 

Grid 

Plate 

AC  Plate 

Trans-  Amplifi- 

Out- 

Cathode 

Screen 

Cur- 

Cur- 

Resist- 

conduct- 

cation 

Load 

Type 

Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

put 

Volts 

Volts 

mA 

mA 

Ohms 

Micromhos 

Ohms 

Watts 

90 

—  3V 

67.5 

0.7 

1.6 

1  M 

600 

1E5GP 

180 

—  3V 

67.5 

0.6 

1.7 

1.5  M 

650 

135 

—  7.5V 

135 

3.5 

10.5 

_ 

— 

— 

24000 

0.575 

1E7GT 

45 

OV 

45 

1.1 

0.6 

400000 

Oscillator  Grid  (1)  Resistor, 

0.1  MO 

1E8 

67.5 

OV 

67.5 

1.5 

1.0 

400000 

Conversion  Transcond.,  150  micromhos 

For  other  characteristics,  refer  to  Type  1F5G 

1F4 

90 

—  3V 

90 

1.1 

4.0 

240000 

1400 

. — 

20000 

0.11 

1F5G 

135 

—  4.5V 

135 

2.4 

8.0 

— 

— 

— 

— 

0.31 

For  other  characteristics,  refer  to  Type  1F7G 

1F6 

180 

—  ,1.5V 

67.5 

0.7 

2.2 

■ - 

— 

— 

— 

— 

1F7G 

90 

—  6V 

— 

— 

2.3 

10700 

825 

8.8 

— 

— 

1G4GT 

90 

—  6V 

90 

2.5 

8.5 

133000 

1500 

8500 

0.25 

1G5G 

135 

-13.5V 

135 

2.5 

9.7 

160000 

1550 

9000 

0.55 

90 

OV 

— _ 

11 

— 

— 

— 

— 

12000 

0.350 

1G6GT 

180 

— 13.5V 

- - - 

— 

3.1 

10300 

900 

9.3 

.  - - 

— 

-  1H4G 

157.5 

—15V 

— 

— 

1.0  □ 

- - 

— 

— 

8000 

2. It 

90 

OV 

— 

— 

0.15 

240000 

275 

65 

— 

— 

1H5GT 

135 

—  3V 

— 

— 

0.8 

35000 

575 

20 

— 

— 

1H6G 

Max.  Peak  Inverse  Plate  Volts,  26000  (Abs.) 
Max.  Peak  Plate  mA,  50 

Max.  Average  Plate  mA,  0.5 

1J3 

135 

—16.5V 

135 

2.0 

7.0 

105000 

950 

— 

13500 

0.45 

1J5G 

135 

OV 

Power  Output  is  for  one  tube  at 

10000 

2.1 

1J6G 

135 

—  3V 

stated  plate-to-plate  load 

10000 

1.9 

1J6GT 

Max.  Peak  Inverse  Plate  Volts,  26000  (Abs.) 
Max.  Peak  Plate  mA,  50 

Max.  Average  Plate  mA,  0.5 

1K3 

Anode-Grid 

(2):  90 

max.  volts, 

1.2  mA 

its 

90 

OV 

45 

0.6 

0.5 

650000 

Oscillator 

Grid  (1) 

Resistor, 

0.2  MO 

Conversion 

Transcond,  300  micromhos 

For  other  characteristics,  refer  to  Type  1A5GT 

1LA4 

Total  Cathode  mA,  4 

1LA6 

90 

OV 

65 

0.6 

0.55 

750000 

Conversion  Transcond.  (for  grid-No.  4 

bias  of  —3  volts),  10  micromhos 

For  other  characteristics,  refer  to  Pentode  Unit  of  Type  1D8GT 

1LB4 

45 

OV 

45 

0.35 

UO 

700000 

750 

— 

— 

— 

1LC5 

90 

OV 

45 

0.30 

1.15 

1M 

775 

— 

- - 

— 

45 

OV 

35 

0.75 

0.70 

300000 

Anode-Grid  (2):  50 
Oscillator-Grid  (1) 

max.  volts, 
Resistor. 

1.4  mA 
0.2  MO 

1LC6 

90 

OV 

35 

0.70 

0.75 

650000 

Conversion 

Transcond.,  275  micromhos 

90 

OV 

45 

0.1 

0.6 

750000 

575 

— 

— 

— 

1LD5 

90 

OV 

_ 

. . . 

4.5 

11200 

1300 

14.5 

. — 

— 

1LE3 

90 

-  3V 

- , 

— 

1.4 

19000 

760 

14.5 

— 

— 

90 

OV 

45 

0.4 

1.7 

1M 

800 

— 

— 

— 

1LG5 

90 

-  1.5V 

90 

0.9 

3.7 

500000 

1150 

— 

— 

— 

For  other  characteristics,  refer  to  Type  1H5GT 

1LH4 

90 

OV 

90 

0.35 

1.6 

1.1  M 

800 

— 

— 

— 

1LN5 

Max.  Peak  Inverse  Plate  Volts  (Total  DC  and  Peak),  28000 

Max.  Average  Plate  mA,  0.5 

1N2A 

Max.  Peak  Plate  mA,  50 

90 

OV 

90 

0.3 

1.2 

1.5  M 

750 

■ - 

- - 

— 

1N5GT 

90 

—  4.5V 

90 

0.6 

3.1 

300000 

800 

* - 

25000 

0.1 

1N6G 

90 

OV 

90 

0.7 

2.3 

800000 

750 

■ - * 

— 

■ - 

1P5GT 

110 

-  6.6V 

110 

1.4 

10 

100000 

2200 

— 

8000 

0.4 

1Q5GT 

t  For  two  tubes  at  stated  plate-to-plate  load.  □  For  two  tubes. 
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RCA 

im 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

m 

Pentagrid  Converter 

5C 

7AT 

1.4F 

0.05 

Converter 

m 

Power  Pentode 

5C 

7AV 

1.4F 

0.1 

Class  A  Amplifier 

1S5 

Diode— Sharp-Cutoff  Pentode 

5C 

6AU 

1.4F 

0.05 

Pentode  Unit  as  AF  Amplifier 

1T4 

Remote-Cutoff  Pentode 

5C 

BAR 

1.4F 

0.05 

Class  A  Amplifier 

1T5GT 

Beam  Power  Tube 

13D 

6K 

1.4F 

0.05 

Class  A  Amplifier 

1T6 

Diode— Sharp-Cutoff  Pentode 

2SA 

8DA 

1.25F 

0.04 

Pentode  Unit  as  Class  A 
Amplifier 

104 

Sharp-Cutoff  Pentode 

5C 

6AR 

1.4F 

0.05 

Class  A  Amplifier 

105 

Diode— Sharp-Cutoff  Pentode 

50 

6BW 

1.4F 

0.05 

Pentode  Unit  as  Class  A 
Amplifier 

IV 

Half-Wave  Rectifier 

22  or 
13H 

4G 

6.3 

0.3 

With  Capacitive-Input  Filter 

1X2A 

Half-Wave  Rectifier 

7A 

9Y 

1.25F 

0.2 

Pulsed  Rectifier  in  TV  Receivers 

Class  A  Amplifier 

m 

Power  Triode 

27B 

4D 

2.5F 

2.5 

Push-Pull  Class  ABi  Amplifier 

2A5 

Power  Pentode 

28 

SB 

2.5 

1.75 

Amplifier 

2A6 

Twin  Diode— High-Mu  Triode 

24B 

6G 

2.5 

0.8 

Triode  Unit  as  Amplifier 

2A7 

pentagrid  Converter 

24B 

7C 

2.5 

0.8 

Converter 

2AF4A 

Medium-Mu  Triode 

5B 

7DK 

2.35 

0.6 

Class  A  Amplifier 

2B7 

Twin  Diode— Remote-Cutoff 
Pentode 

24B 

7D 

2.5 

0.8 

Pentode  Unit  as  Amplifier 

2BN4 

Medium-Mu  Triode 

5C 

7EG 

2.3 

0.6 

Class  A  Amplifier 

2E5 

Electron-Ray  Tube 

22  or 
13H 

6R 

2.5 

0.8 

Visual  Indicator 

2EN5 

Twin  Diode 

5C 

7FL 

2.1 

0.45 

Horizontal  Phase  Detector 

3A2 

Half-Wave  Rectifier 

7A 

9DT 

3.15 

0.22 

Pulsed  Rectifier  in  TV  Receivers 

3A3 

Half-Wave  Rectifier 

14E 

8EZ 

3.15 

0.22 

Pulsed  Rectifier  in  TV  Receivers 

3A8GT 

Dioiie-Triode— Pentode 

29G 

8AS 

1.4F 

2.8F 

0.1 

0.05 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

3B2 

Half-Wave  Rectifier 

21 C 

8GH 

3.15 

0.22 

Pulsed  Rectifier  in  TV  Service 

3BC5 

Sharp-Cutoff  Pentode 

5C 

7BD 

3.15 

0.6 

Class  A  Amplifier 

3BN4 

Medium-Mu  Triode 

5C 

7EG 

3.0 

0.45 

Class  A  Amplifier 

3DT6 

Sharp-Cutoff  Pentode 

5C 

7EN 

3.15 

0.6 

Class  A  Amplifier 

3EA5 

Sharp-Cutoff  Tetrode 

50 

7EW 

2.9 

0.45 

Class  A  Amplifier 

30S8/ 

3BU8 

Sharp-Cutoff  Twin  Pentode 

8£ 

9LW 

3.15 

0.6 

Class  A  Amplifier 
(With  both  sections  operating) 

3HA5 

High-Mu  Triode 

5A 

7GM 

2.7 

0.45 

Class  A  Amplifier 

3LF4 

Beam  Power  Tube 

12B 

6BA 

1.4F 

2.8F 

0.1 

0.05 

Class  A  Amplifier 

3Q4 

Power  Pentode 

SC 

7BA 

1.4F 

2.8F 

0.1 

0.05 

Class  A  Amplifier 

3Q5GT 

Beam  Power  Tube 

13D 

7AP 

1.4F 

2.8F 

0.1 

0.05 

Class  A  Amplifier 

RCA  Types  for  Replacement  Use 
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Power 


Plate 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Screen 

Grid 

Cur- 

rent 

Plate 

Cur¬ 

rent 

AC  Plate 
Resist¬ 
ance 

Trans- 

conduct¬ 

ance 

Amplifi¬ 

cation 

Factor 

Load 

Out¬ 

put 

Volts 

Volts 

mA 

mA 

Ohms 

Micromhos 

Ohms 

Watts 

45 

90 

ov 

OV 

45  2.1 

67.5  3.5 

0.7  500000  Conversion  Transcond.,  210  jumhos 

1.5  400000  Conversion  Transcond.,  280  //.mhos 

1R5 

45 

90 

—  4.5V 

—  7V 

45  0.8 

67.5  1.4 

3.8  100000  1250 

7.4  100000  1575 

8000 

8000 

0.065 

0.27 

1S4 

Plate  Supply,  90  V  applied  through  X  MO  resistor.  Screen  Supply,  90  V  applied  through 
resistor.  Grid  Bias,  0  volts.  Grid  Resistor,  10  megohms.  Voltage  Gain,  66  approx. 

3.1  MO 

1S5 

45 

90 

OV 

ov 

45  0.7 

67.5  1.4 

1.7  350000  700 

3.5  500000  900  - 

— 

— 

1T4 

90 

—  6V 

90  0.8 

6.5  250000  1150  - 

14000 

0.17 

1T5GT 

45 

67.5 

OV 

OV 

45  0.21 

67.5  0.4 

0.75  500000  475  - 

1.6  400000  600  - 

_ _ 

_ 

1T6 

90 

ov 

90  0.50 

1.1  1M  900  - 

- ■ 

— 

m 

67.5 

ov 

67.5  0.4 

1.6  600000  625  - 

— 

— 

1U5 

Max.  AC  Plate  Volts  (RMS),  325 

Max.  DC  Output  mA,  45 

Min.  Total  Effective  Plate-Supply  Impedance:  Up  to  117 
volts,  0  ohms;  at  150  volts,  30  ohms;  at  325  volts,  75  ohms 

IV 

Max.  Peak  Inverse  Plate  Volts,  20000 
Max.  Peak  Plate  mA,  45 

Max.  Average  Plate  mA,  0.5 

1X214 

250 

—45V 

-  - 

60.0  800  5250  4.2 

2500 

3.5 

300 

300 

780QD 
* — 62V 

-  - 

80.0  □ 

80.0n  -  - 

5000 

3000 

lO.Ot 

15.0t 

-  2A3 

For  other  characteristics,  refer  to  Type  6F6G 

2A5 

For  other  characteristics,  refer  to  Type  6SQ7 

2A6 

For  other  characteristics,  refer  to  Type  6A8 

2A7 

80 

1500 

- - 

17.5  2100  6500  13.5 

— 

— 

2AF4A 

For  other  characteristics,  refer  to  Type  6B8G 

2B7 

150 

2200 

-  - 

9  6300  6800  43 

— 

— 

2BN4 

For  other  characteristics,  refer  to  Type  6E5 

2E5 

/Max.  Peak  Heater-Cathode  Volts,  =t200  Mqv  nr  D,^  K 

[DC  Volts  Not  to  Exceed  +100  Max-  DC  Plate  mA’5 

2EN5 

Max.  Peak  Inverse  Plate  Volts,  18000 
Max.  Peak  Plate  mA,  80 

Max.  Average  Plate  mA,  1.5 

3A2 

Max.  Peak  inverse  Plate  Volts.  30000 
Max.  Peak  Plate  mA,  88 

Max.  Average  Plate  mA,  1.7 

3143 

90 

ov 

-  - 

0.2  200000  325  65 

— 

— 

‘  3A8GT 

90 

ov 

90  0.5 

1.5  800000  750  - - 

— 

— 

Max.  Peak  Plate  mA,  80  Max.  DC  Inverse  Plate  Volts,  25000 

Max.  Total  DC  &  Peak  Inverse  Plate  Volts,  35000  (Abs.)  Max.  Average  Plate  mA,  1.1 

3B2 

100 

250 

1800 

100  L4 

150  2.1 

4.7  600000  4900 

7.5  800000  5700  ‘ 

- - 

— 

3BC5 

For  other  characteristics,  refer  to  Type  6BN4 

3BN4 

150 

560 

100  2.1 

1.1  150000  515  - 

— 

— 

3DT6 

250 

— IV 

140  0.95 

10  150000  8000  - 

— 

. - 

3EA5 

For  other  characteristics,  refer  to  Type  4GS8/4BU8 

3GS8/ 

3BU8 

135 

870 

__  10 

19  1000  20000  80 

11.5  5600  14500  72 

■  ■ - 

3HA5 

For  other  characteristics,  refer  to  Type  3Q5GT 

3LF4 

For  other  characteristics,  refer  to  Type  3V4 

304 

no 

no 

—  6.6V 

—  6.6V 

no  1.4 
no  u 

10.0  100000  2200 

8.5  110000  2000  “ 

8000 

8000 

0.40 

0.33 

3Q5GT 

t  For  two  tubes  at  stated  plate-to-plate  load. 


D  For  two  tubes. 
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RCA 

Basing 

Heater  a r 

Use 

Name 

Out- 

Dia- 

Filament  (F) 

Values  to  right  give  operat- 

im 

line 

gram 

ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

3S4 

Power  Pentode 

5C 

7BA 

1.4F 

2.8F 

0.1 

0.05 

Class  A  Amplifier 

3V4 

Power  Pentode 

5C 

6BX 

1.4F 

2.8F 

0.1 

0.05 

Class  A  Amplifier 

48C5 

Sharp-Cutoff  Pentode 

SC 

7BD 

4.2 

0.45 

Class  A  Amplifier 

4DT6 

Sharp-Cutoff  Pentode 

SC 

7EM 

4.2 

0.45 

Class  A  Amplifier 

4GS8 

Sharp-Cutoff  Pentode 

6E 

9LW 

4.2 

0.45 

Class  A  Amplifier 

4088/ 

4BU8 

Sharp-Cutoff  Twin  Pentode 

6E 

9LW 

4.2 

0.45 

Class  A  Amplifier 
(With  both  sections  operating) 

5AS4 

Fall-Wave  Rectifier 

27A 

5T 

5. OF 

3.0 

With  Capacitive-Input  Filter 

3404 

Full-Wave  Rectifier 

3.75 

With  Capacitive-Input  Filter 

With  Inductive-Input  Filter 

5AW4 

Full-Wave  Rectifier 

19H 

5T 

5.0F 

3.7 

Rectifier 

MU 

Full-Wave  Rectifier 

12C 

5T 

5.0F 

2.0 

Medium-Mu  Triode — Sharp-Cutoff 
Pentode 

Triode  Unit  as  Class  A  Amplifier 

58E8 

6B 

9EG 

4.7 

0.6 

Pentode  Unit  as  Class  A 
Amplifier 

5BT8 

Twin-Diode— Sharp-Cutoff  Pentode 

6B 

9FE 

4.7 

0.6 

Class  A  Amplifier 

5CL8 

Medium-Mu  Triode— 

SB 

9FX 

4.7 

0.6 

Triode  Unit  as  Class  A  Amplifier 

High-Mu  Triode— Sharp-Cutoff 
Pentode 

Triode  Unit  as  Class  A  Amplifier 

5CMS 

SB 

9F2 

6.3 

0.45 

Pentode  Unit  as  Class  A 
Amplifier 

High-Mu  Triode— Sharp-Cutoff 
Pentode 

Triode  Unit  as  Class  A  Amplifier 

5DH8 

6B 

9EG 

5.2 

0.6 

Pentode  Unit  as  Class  A 
Amplifier 

5T4 

Full-Wave  Rectifier 

5T 

5.0F 

2.0 

With  Capacitive-Input  Filter 

4 

With  Inductive-Input  Filter 

504 G 

Full-Wave  Rectifier 

27B 

5T 

5.0F 

3.0 

With  Capacitive-Input  Filter 

5V3 

Full-Wave  Rectifier 

19E 

5T 

5.0F 

3.8 

With  Capacitive-Input  Filter 

With  Inductive  Input  Filter 

5W4 

5W4GT 

Full-Wave  Rectifier 

2B 

13E 

5T 

5T 

5.0F 

1.5 

With  Capacitive-Input  Filter 

5X46 

Full-Wave  Rectifier 

27B 

5ft 

5.0F 

3.0 

5V3G 

Full-Wave  Rectifier 

25 

5T 

5.0F 

2.0 

With  Capacitive-Input  Filter 

5Y4G 

25 

5ft 

2.0 

5Y4GA 

Full-Wave  Rectifier 

19E 

5ft 

5.0F 

SY4GT 

13E 

5ft 

5Z3 

Full-Wave  Rectifier 

27B 

4C 

5.0F 

3.0 

5Z4 

Full-Wave  Rectifier 

28 

51. 

5.0 

0  ft 

With  Capacitive-Input  Filter 

With  Inductive-Input  Filter 

6A3 

Power  Triode 

27B 

40 

6.3F 

1.0 

Amplifier 

6A6 

High-Mu  Twin  Power  Triode 

28 

7B 

6.3 

0.8 

Amplifier 

RCA  Types  for  Replacement  Use 
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Plate 

Volts 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Volts 

Screen 

Grid 

Cur¬ 

rent 

mA 

Plate 

Cur¬ 

rent 

mA 

AC  Plate 
Resist¬ 
ance 

Ohms 

Trans- 

conduct¬ 

ance 

Micromhos 

Pow 

Amplifi¬ 

cation 

Factor  Load 

Ohms 

er 

Out¬ 

put 

Watts 

UU 

Type 

90 

-  7V 

67.5 

1.4 

7.4 

100000 

1575 

-  8000 

0.27 

90 

—  7  V 

67.5 

1.1 

6.1 

100000 

1425 

-  8000 

0.235 

90 

—  4.5V 

90 

2.1 

9.5 

100000 

2150 

-  10000 

0.27 

90 

—  4.5V 

90 

1.7 

7.7 

120000 

2000 

-  10000 

0.24 

4  ¥4 

250 

1800 

150 

2.1 

7.5 

800000 

5700 

-  _ 

— 

4BC5 

150 

560 

100 

2.1 

1.1 

150000 

515 

■  -  - 

— 

4DT6 

For  other  characteristics,  refer  to  Type  4GS8/4BU8 

4GS8 

100 

67.5 

6.0 

— 

Grid-No.  3  volts,  each  section,  ~10 

100 

67.5 

3.6 

2.0 

Grid-No.  3  volts,  each. section,  0 

-  41100/ 
/iDiec 

:  Grid  current  adjusted  for  100  microamperes  DC 

Max.  AC  Volts  per  Plate  (RMS), 

,  550 

Max.  DC  Output  mA,  300 

Min.  Total  Effect.  Supply 

K/iQ/f 

Max.  Peak  Inverse  Volts,  1550 

Max.  Peak  Plate  mA,  1000 

Imped,  per  Plate, 

97  ohms 

Max.  DC  Output  mA,  325  for  AC  Volts  per  Plate,  400  Max.  Peak  Inverse  Volts,  1400 

and  Total  Effect.  Supply  Imped,  per  Plate,  50  ohms _ Max.  Peak  Plate  mA  per  Plate,  1075 


Max.  DC  Output  mA,  325  for  AC  Volts  per  Plate,  500  and  Input  Choke  10  henries 
Max.  Peak  Inverse  Volts,  1400 _ Max  Peak  Plate  mA  per  Plate,  1075 


Max.  Peak  Inverse  Volts,  1550 

Max.  Peak  Plate  mA  per  Plate,  750 

5AW4 

For  ratings  and  characteristics,  refer  to  Type  5Y3GT 

5AZ4 

150 

560 

-  - 

18  5000 

8500 

40  _ 

5BE8 

250 

680 

110  3.5 

10  400000 

5200 

-  - -  _ 

200 

1800 

150  2.8 

9.5  300000 

6200 

-  -  _ 

5BT8 

125 

—  IV 

-  - 

14  5000 

8000 

40  -  - — 

5CL8 

For  other  characteristics,  refer  to  6CM8 

5CA08 

250 

3900 

-  - 

7.3  12000 

4400 

53  - -  - 

nrm» 

125 

560 

125  3.8 

13.5  150000 

8600 

-  -  _ 

3Uno 

Max.  AC  Volts  per  Plate  (RMS),  450 
Max.  Peak  Inverse  Volts,  1550 

Max.  DC  Output  mA,  225 
Max.  Peak  Plate  mA,  675 

Min.  Total  Effect.  Supply 
Imped,  per  Plate,  150  ohms 

514 

Max.  AC  Volts  per  Plate  (RMS),  550 
Max.  Peak  Inverse  Volts,  1550 

Max.  DC  Output  mA,  225 
Max.  Peak  Plate  mH,  675 

Min.  Value  of  Input  Choke, 
10  henries 

Max.  AC  Volts  per  Plate  (RMS),  450 
Max.  Peak  Inverse  Volts,  1550 

Max.  DC  Output  mA,  225 
Max.  Peak  Plate  mA,  675 

Min.  Total  Effect.  Supply 
Imped,  per  Plate,  170  ohms 

5(140 

Max.  AC  Volts  per  Plate  (RMS),  425  Max.  DC  Output  mA,  350 

Max.  Peak  Inverse  Volts,  1400  Max.  Peak  Plate  mA  per  Plate,  1200 

_ Min.  Total  Effect.  Supply  Imped,  per  Plate,  56  ohms _ 


Max.  AC  Volts  per  Plate  (RMS),  500  Max.  DC  Output  mA,  350 

Max.  Peak  Inverse  Volts,  1400  Max.  Peak  Plate  mA  per  Plate,  1200 

_ Min.  Value  of  Input  Choke,  10  henries _ 


Max.  Peak  Inverse  Volts,  1400 

Max.  DC  Output  mA,  100 

Max.  Peak  Plate  mA,300 

5W4 

5W4GT 

For  other  ratings,  refer  to  Type  5U4G 

5X46 

Max.  AC  Volts  per  Plate  (RMS),  350 
Max.  Peak  Inverse  Volts,  1400 

Max.  DC  Output  mA,  125 

Max.  Peak  Plate  mA,  440 

Min.  Total  Effect.  Supply 
Imped,  per  Plate,  50  ohms 

5Y3G 

Max.  Peak  Plate  mA,  375  (5Y4G) 

Max.  Peak  Plate  mA,  400  (5Y4GA,  5Y4GT) 

For  other  ratings,  refer  to  Type  5Y3G 

5Y4G 

5Y4GA 

5Y4GT 

For  other  ratings,  refer  to  Type  5U4G 

5Z3 

Max.  AC  Volts  per  Plate  (RMS),  350 

Max.  Peak  Inverse  Volts,  1400 

Max.  DC  Output  mA,  125 

Max.  Peak  Plate  mA,  375 

Min.  Total  Effect  Supply 
Imped,  per  Plate,  50  ohms 

■  5Z4 

Max.  AC  Volts  per  Plate  (RMS),  500 

Max.  Peak  Inverse  Volts,  1400 

Max.  DC  Output  mA,  125 

Max.  Peak  Plate  mA,  375 

Min.  Value  of  Input  Choke, 

5  henries 

For  other  characteristics,  refer  to  Type  6B4G 

6A3 

For  other  characteristics,  refer  to  Type  6N7GT 

6A6 
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RCA  Receiving  Tube  Manual 


RCA 

Type 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character- 

istics  for  indicated  typical  use 

Volts 

Amperes 

6A7 

6A7S 

Pentagrid  Converter 

24B 

24B 

7C 

6.3 

0.3 

Converter 

6A8 

3 

8A 

Converter 

6A8G 

Pentagrid  Converter 

23 

8A 

6.3 

0.3 

6A8GT 

14A 

8A 

6AB5/ 

6N5 

Electron-Ray  Tube 

22  or 
13H 

6R 

6.3 

0.15 

Visual  Indicator 

6AB7 

Sharp-Cutoff  Pentode 

2A 

8N 

6.3 

0.45 

Class  A  Amplifier 

Class  B  Amplifier 

6AC5GT 

High-Mu  Power  Triode 

13D 

$Q 

6.3 

0.4 

Dynamic-Coupled  Amplifier  With 

76  Driver 

6AC7 

Sharp-Cutoff  Pentode 

2A 

8N 

6.3 

0.45 

Class  A  Amplifier 

6AD6G 

Electron-Ray  Tube 

29E 

7AG 

6.3 

0.15 

Visual  Indicator 

Triode  Unit  as  Class  A  Amplifier 

6AD7G 

Low-Mu  Triode— Power  Pentode 

25 

BAY 

6.3 

0.85 

Pentode  Unit  as  Class  A 
Amplifier 

6AE5GT 

Low-Mu  Triode 

130 

80 

6.3 

0.3 

Class  A  Amplifier 

Twin-Plate  Control  Tube 

22 

7AH 

6.3 

0.15 

Remote  Cutoff  Triode 

6AE6G 

Sharp-Cutoff  Triode 

6AE7GT 

Twin-Input  Triode 

13D 

7AX 

6.3 

0.5 

Class  A  Amp. 

6AH4GT 

Low-Mu  Triode 

13D 

8EL 

6.3 

0.75 

Vertical  Deflection  Amplifier 

BARS 

Sharp-Cutoff  Pentode 

5C 

7BK 

6.3 

0.45 

Class  A  Amplifier 

6AL7GT 

Electron-Ray  Tube 

13C 

8CH 

6.3 

0,15 

Visual  Indicator 

6AM4 

High-Mu  Triode 

BA 

9BX 

6.3 

0.225 

Class  A  Amplifier 

6.3 

6.3 

Diode  Unit 

6AM8 

Diode— Sharp-Cutoff  Pentode 

SB 

9CY 

0.45 

0.45 

Pentode  Unit  as  Class  A 
Amplifier 

6.3 

6.3 

0.45 

0.45 

Triode  Unit  as  Class  A  Amplifier 

6AN8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

6B 

9DA 

Pentrode  Unit  as  Class  A 
Amplifier 

5D 

7B2 

6  3 

0.45 

Single  Tube  Class  A  Amplifier 

6AQ5 

Beam  Power  Tube 

6.3 

0.45 

Push-Pul!  Class  Ai  Amplifier 

6AQ6 

Twin-Diode— High-Mu  Triode 

5C 

7BT 

6.3 

0.15 

Triode  Unit  as  Class  A  Amplifier 

6AQ7GT 

Twin-Diode— High-Mu  Triode 

13D 

80  K 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 

6AR5 

Power  Pentode 

50 

6CC 

6.3 

0.4 

Class  A  Amplifier 

Dual  Triode  Unit  as  Class  A 

Dual  Triode— Sharp-Cutoff 
Pentode 

8B 

12DP 

6.3 

1.05 

Amplifier 

6AS11 

Pentode  Unit  as  Class  A 

Amplifier 

6AT8 

Medium-Mu  Triode— 

68 

9DW 

6.3 

0.45 

Triode  Unit  as  Class  A  Amplifier 

6AU4GT 

Half-Wave  Rectifier 

13G 

4CG 

6.3 

1.8 

Television  Damper  Service 

6AU6 

Sharp-Cutoff  Pentode 

5C 

7BK 

6.3 

6.3 

0.3 

0.3 

Class  A  Amplifier 

RCA  Types  for  Replacement  Use 
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Flate 

Volts 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Volts 

Screen 

Grid 

Cur¬ 

rent 

mA 

Plate 

Cur¬ 

rent 

mA 

AC  Plate 
Resist¬ 
ance 

Ohms 

Trans- 

conduct¬ 

ance 

Micromhos 

Amplifi¬ 

cation 

Factor 

Pow 

Load 

Ohms 

er 

Out¬ 

put 

Watts 

RCA 

Type 

For  other  characteristics,  refer  to  Type  6A8 

6A7 

6A7S 

Anode-Grid  (2):  250 

max.  V, 

4.0  mA 

6A8 

250 

—  3V 

100 

2.7 

3.5 

360000 

Oscillator-Grid  (1) 

Res.  Conversion 

6A8G 

Transcond.,  550  ^mhos 

6A8GT 

Plate  &  Target  Supply 

=  135 

volts.  Triode  Plate  Resistor  =  0.25  MO  Target  Current  = 

:  2.0  mA 

Grid  Bias,  —  10.0  volts;  Shadow  Angle,  0°. 

Bias,  0  voits;  Angle, 

90°;  Plate 

Current, 

0.5  mA. 

6AB5/ 

Plate  &  Target  Supply 

=  135 

volts.  Triode  Plate  Resistor  =  1.0  MO  Target  Current  = 

1.9  mA 

6N5 

Grid  Bias,  —  15.5  volts;  Shadow  Angle,  0°. 

Bias,  0  volts;  Angle, 

90°;  Plate 

Current, 

0.13  mA 

300 

—  3V 

200 

3.2 

12.5 

700000 

5000 

— 

— 

— 

6AB7 

250 

ov 

— 

— 

5.0a 

— 

— 

— 

10000 

8. Of 

Bias  for  both  6AC5GT  and  76  is  developed  in  coupling  circuit 

6AC5GT 

250 

Average  Plate  Current  of  Driver  =  5.5  milliamperes 

7000 

3.7 

Average  Plate  Current  of  6AC5GT  = 

32  milliamperes 

300 

1600 

150 

2.5 

10.0 

1  M 

9000 

— 

— 

— 

6AC7 

Target  Voltage,  150  volts.  Control-Electrode  Voltage,  ■ 

—50  volts;  Shadow  Angle,  135°;  Target 

6AD6G 

Current,  1.2  mA  Control-Electrode  Voltage,  75  volts;  Angle,  0°; 

;  Target  Current,  3  mA 

250 

-25  V 

— 

— 

3.7 

19000 

325 

6 

— 

250 

—16.5V 

250 

6.5 

34.0 

80000 

2500 

-  . 

7000 

3.2 

6AD7G 

95 

—15V 

— 

— 

7.0 

3500 

1200 

4.2 

— 

— - 

6AE5GT 

250 

—  1.5V 

_ 

_ 

6.5 

25000 

1000 

25 

— 

— 

250 

—35V 

— 

— 

0.01 

— 

— 

- - 

- - 

— 

6AE6G 

250 

—  1.5  V 

_ 

_ 

4.5 

35000 

950 

33 

— 

— 

250 

—  9.5V 

— 

— 

0.01 

— 

— 

- — • 

— 

— 

250 

—13.5V 

— 

- - 

10.0 

4650 

3000 

14 

— 

— 

6AE7GT 

Max.  DC  Plate  Volts, 

500 

Max.  Peak  Positive-Pulse  Plate  Volts 

2000 

8AH4GT 

Max.  DC  Cathods  mA,  60 

Max.  Plate  Dissipation,  7.5  watts 

300 

1600 

150 

2.5 

10.0 

500000 

9000 

— 

— 

— 

6AH6 

Target  Voltage,  315  volts 

Grid  Voltage  for  Pattern  Cutoff,  —7  volts  approx. 

6AL70T 

Grid  Voltage  =  0  volts 

Deflecting-Electrodes— No.  1,  No.  2  and  No.  3 

Cathode  Bias  Res.,  3300  ohms  approx. 

Voltage,  0 

200 

loon 

— 

- - 

10 

8700 

9800 

85 

— 

— 

6AM4 

Max.  DC  Plate  mA,  5 

Max.  Peak  Heater-Cathode  Volts,  ±200 

125 

560 

125 

3.2 

12.5 

- * 

7800 

— 

— 

— 

"  6AM8 

150 

-  3V 

— 

— 

15 

4500 

4700 

31 

— 

— 

125 

560 

125 

3.8 

12 

170000 

7800 

- * 

— 

■ - 

6AN8 

180 

—  8.5V 

180 

3.0 

29.0 

50000 

3700 

— „ 

5500 

2.0 

250 

—12.5V 

250 

4.5 

45.0 

50000 

4100 

— _ 

5000 

4.5 

_  6AQ5 

250 

-15V 

250 

5.0o 

70.0C 

1  60000 

— 

— 

10000 

lO.Of 

100 

—  IV 

0.8 

61000 

1150 

70 

gaqg 

250 

—  3V 

1.0 

58000 

1200 

70 

250 

—  2V 

— 

— 

2.3 

44000 

1600 

70 

— 

— 

6AG7GT 

250 

—18V 

250 

5.5 

32.0 

90000 

2300 

— _ 

7600 

3.4 

6AR5 

200 

2200 

_ 

_ 

9.2 

4400" 

4400 

41 

— 

— 

200 

—  2V 

— 

- — 

7 

12400 

5500 

68 

- — 

— 

-  6AS11 

200 

125 

125 

5.2 

24 

70000 

10500 

— 

— 

— 

125 

—  IV 

•— 

T— 

12 

6000 

6500 

40 

— 

- - 

6AT8 

Max.  Peak  Inverse  Plate  Volts,  4500  (Absolute) 

Max.  Average  Plate  mA,  175 

6AU4GT 

Max.  Peak  Plate  mA,  1050 

Max.  Plate  Dissipation  6.0  watts 

100 

1500 

100 

2.1 

5.0 

500000 

3900 

— — 

— _ 

• - 

6AU6 

250 

680 

150 

4.3 

10.6 

1  M 

5200 

~ — 

"  T* - ' 

— 

t  For  two  tubes  at  stated  plate-to-plate  load.  □  For  two  tubes. 
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RCA 

Type 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

6AU7 

Medium-Mu  Twin  Triode 

6B 

9A 

3.15 

6.3 

0.6 

0.3 

Each  Unit  as  Class  A  Amplifier 

6AU8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

6E 

9DX 

6.3 

0.6 

Triode  Unit  as  Class  A  Amplifier 

Pentode  Unit  as  Class  A 
Amplifier 

6AV5GT 

Beam  Power  Tube 

13D 

6CK 

6.3 

1.2 

Horizontal  Deflection  Amplifier 

6AW8 

High-Mu  Triode— Sharp-Cutoff 
Pentode 

6E 

9DX 

6.3 

0.6 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

6AX4GT 

Half-Wave  Rectifier 

13D 

4CG 

6.3 

1.2 

Television  Damper  Service 

6AX8 

Medium-Mu  Triode— Semiremote 
Cutoff  Pentode 

6B 

9AE 

6.3 

0.45 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

6AY11 

Twin  Diode— High-Mu  Twin  Triode 

8A 

12DA 

6.3 

0.69 

Each  Triode  Unit  as  Class  A 
Amplifier 

6B4G 

Power-Triode 

27B 

SS 

6.3F 

1.0 

Class  A  Amplifier 

6B5 

Direct-Coupled  Power  Triode 

26 

6AS 

6.3 

0.8 

Class  A  Amplifier 

6B6G 

Twin-Diode— High-Mu  Triode 

23 

7V 

6.3 

0.3 

Triode  Unit  as  Amplifier 

6B7 

6B7S 

Twin-Diode— Remote-Cutoff 
Pentode 

24B 

24B 

7D 

6.3 

0,3 

Pentode  Unit  as  Amplifier 

6B8 

Twin-Diode— Semiremote-Cutoff 
Pentode 

3 

8E 

6.3 

0.3 

Pentode  Unit  as  Amplifier 

6B8G 

Twin  Diode— Semiremote-Cutoff 
Pentode 

23 

8E 

6.3 

0.3 

Pentode  Unit  as  Class  A 
Amplifier 

6BD4 

Sharp-Cutoff  Beam  Triode 

21 C 

8FU 

6.3 

0.6 

Voltage-Control 

6BD4A 

Sharp-Cutoff  Beam  Triode 

21C 

8FU 

6.3 

0.6 

Voltage-Control 

6BD6 

Remote-Cutoff  Pentode 

5C 

7RK 

6.3 

0.3 

Class  A  Amplifier 

6BF5 

Beam  Power  Tube 

5D 

7BZ 

6.3 

1.2 

Class  A  Amplifier 

6BF6 

Twin-Ciode— Medium-Mu  Triode 

5C 

7BT 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 

6BG6G 

6BG6GA 

Beam  Power  Tube 

28B 

21 B 

5BT 

5BT 

6.3 

0.9 

Horizontal  Deflection  Amplifier 

6BK4 

Sharp-Cutoff  Beam  Triode 

21 B 

8GC 

6.3 

0.2 

Voltage-Control 

6BK5 

Beam  Power  Tube 

6E 

9BQ 

6.3 

1.2 

Class  A  Amplifier 

6BK7A 

Medium-Mu  Twin  Triodes 

6B 

9AJ 

6.3 

6.3 

0.45 

0.45 

Each  Unit  as  Class  A  Amplifier 

6BL4 

Half-Wave  Rectifier 

13F 

8GB 

6.3 

3.0 

Television  Damper  Service 

6BL7GT 

Medium-Mu  Twin  Triode 

13D 

8BD 

6.3 

1.5 

Vertical  Deflection  Amplifier 

6BN4 

Medium-Mu  Triode 

5C 

7EG 

6.3 

0.2 

Class  A  Amplifier 

6BQ6GT 

Beam  Power  Tube 

14D 

BAM 

6.3 

1.2 

Horizontal  Deflection  Amplifier 

6BQ7 

Medium-Mu  Twin  Triode 

SB 

9AJ 

6.3 

0.4 

Each  Unit  as  Class  A  Amplifier 

6BR8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

6B 

9FA 

6.3 

6.3 

0.45 

0.45 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

6BV8 

Twin  Diode — Medium-Mu  Triode 

6B 

9FJ 

6.3 

0.6 

Triode  Unit  as  Class  A  Amplifier 

RCA  Types  for  Replacement  Use 
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Plate 

Volts 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Volts 

Screen 

Grid 

Cur¬ 

rent 

mA 

Plate 

Cur¬ 

rent 

mA 

AC  Plate 
Resist^ 
ance 

Ohms 

Trans¬ 

conduct¬ 

ance 

Micromhos 

Amplifi¬ 

cation 

Factor 

Powt 

Load  l 
Ohms 

er 

Out¬ 

put 

Watts 

RCA 

Type 

100 

OV 

'  _ _ .. 

_ 

11.8 

6250 

3500 

19.5 

— ~ 

— 

6AU7 

250 

—  8.5  V 

- - 

— 

10.5 

7700 

2200 

17 

— 

— — 

150 

1500 

- . 

— 

9 

8200 

4900 

40 

- - 

— 

200 

820 

125 

3,4 

15 

150000 

7000 

- * 

— 

- . 

6AU8 

Max.  DC  Plate  Volts,  550 

Max.  Peak  Positive-Pulse  Plate  Volts,  5500  (Abs.) 

6AV56T 

Max.  DC  Cathode  mA,  110 

Max.  Plate  Dissipation,  11  watts 

200 

-  2V 

— 

— 

4 

— 

4000 

70 

— 

— 

150 

1500 

150 

3J5 

13 

200000 

9500 

— 

— 

— 

~  6AW8 

6AW8A  Features  a  plate  current  characteristic  with  a  controlled  Knee 


Max.  Peak  Inverse  Plate  Volts,  4400 
Max.  Peak  Plate  mA,  750 

Max.  DC  Plate  mA,  125 

Max.  Peak  Heater-Cathode  Volts: 
**DC  component  must  not  exceed 

f — 4400** 
t  4-300 

900  volts 

6AX4GI 

150  560H  - 

— 

18 

5000 

8500  40 

—  - 

250  120Q  110 

3.5 

10 

400000  ' 

4800  - 

—  - 

oAXo 

250  —  2 V  - 

— 

1.2 

52700 

1900  100 

—  - 

6AY11 

250  —45V  - 

— 

60 

800 

5250  4.2  2500  3.5 

6B4G 

For  other  characteristics,  refer  to  Type  6N6G 

6B5 

For  other  characteristics,  refer  to  Type  6SQ7 

6B6G 

Input  Triode:  Plate  Volts,  300  max;  Grid  Volts,  0;  Plate  mA,  8;  AF  Signal  Volts  (Peak),  21 

Output  Triode:  Plate  Volts,  300  max.;  Plate  mA,  45;  Plate  Res.,  24000  ohms;  Load  Resistance, 

7000  ohms;  Power  Output,  4  watts 

6B7 

6B7S 

For  other  characteristics,  refer  to  Type  1208 

6B8 

250  —  3V  125 

2.3 

9 

600000 

1125  — 

—  - 

6B8G 

Max.  DC  Plate  Volts,  20000 

Max.  Unregulated  DC  Supply  Volts,  40000 

Max.  DC  Plate  mA,  1.5 

Max.  Plate  Dissipation,  20.0  watts 

6BD4 

Max.  DC  Plate  Volts,  27000 

Max.  Unregulated  DC  Supply  Volts,  55000 

Max.  DC  Plate  mA,  1.5 

Max.  Plate  Dissipation,  25.0  watts 

6BD4A 

250  -  3V  100 

3.0 

9.0 

800000 

2000  - 

■—  - 

6BB6 

110  —  7.5V  110 

4.0 

36.0 

12000 

7500  -  2500  1.9 

6BF5 

250  —  9V  - - 

— 

9.5 

8500 

1900  16 

Power  Output, 
300  milliwatts 

6BF6 

Max.  DC  Plate  Volts,  700 
Max.  DC  Cathode  mA,  110 

Max.  Peak  Positive-Pulse  Plate  Volts,  6600  (Abs.) 

Max.  Plate  Dissipation,  20  watts 

6B66G 

68G6GA 

Max.  DC  Plate  Volts,  27000 

Max.  Unregulated  DC  Supply  Volts,  60000 

Max.  DC  Plate  mA,  1.6 

Max.  Plate  Dissipation,  25  Watts 

6BK4 

250  -  5V  250 

3.5 

35 

100000 

8500  -  6500  3.5 

6BK5 

150  56D  - 

— 

18 

4600 

9300  43 

Grid-No.  1  Volts 
for  Cutoff,  -11 

6BK7A 

Max.  Peak  Inverse  Plate  Volts,  4500  (Abs.) 

Max.  Peak  Plate  mA,  1200 

Max.  DC  Plate  mA,  200 

Max.  Peak  Heater-Cathode  Volts:j 
*DC  component  not  to  exceed  —  S 

— 4500*  (Abs.) 
4-300 

100  volts 

6BL4 

Max.  DC  Plate  Volts,  500 

Max.  DC  Cathode  mA.  (Each  Unit),  60 

Max.  Peak  Positive-Pulse  Plate  Volts,  2000  (Abs.) 
Max.  Plate  Dissipation  (Each  Unit),  10  watts 

6BL7GT 

150  2200  - 

— 

9 

6300 

6800  43 

—  - 

6BN4 

Max.  DC  Plate  Volts,  550 
Max.  DC  Cathode  mA,  110 

Max.  Peak  Positive-Pulse  Plate  Volts,  5500  (Abs.) 
Max.  Plate  Dissipation,  11  watts 

6BQ6GT 

150-  2200  — - 

— 

9.0 

5800 

6000  35 

Grid-No.  1  Volts 
for  Cutoff,  -10 

6BQ7 

125  -  IV 

- - 

13.5 

7500 

40 

—  - 

125  —  IV  no 

3.5 

9.5 

200000 

5000  — 

—  — 

-  6BR8 

200  3300  - 

— — 

11 

5900 

5600  33 

—  - 

6BV8 
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RCA  Receiving  Tube  Manual 


RCA 

Type 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

6BW4 

Full-Wave  Rectifier 

8E 

6.3 

0*9 

With  Capacitive  Input  Filter 

With  Inductive  Input  Filter 

0BX7GT 

Medium-Mu  Twin  Triode 

13D 

8BD 

6.3 

1.5 

Vertical  Deflection  Oscillator 

Vertical  Deflection  Amplifier 

6BY5GA 

Full-Wave  Rectifier 

18B 

6CN 

6.3 

1.6 

Television  Damper  Service 

6BZ8 

Medium-Mu  Twin  Triode 

6B 

9AJ 

6.3 

0.4 

Each  Unit  as  Class  A  Amplifier 

005 

6C5GT 

Medium-Mu  Triode 

2A 

14A 

ea 

6Q 

6.3 

0.3 

Class  A  Amplifier 

SCO 

Sharp-Cutoff  Pentode 

24A 

6F 

6.3 

0.3 

Amplifier  Detector 

6C7 

Twin-Diode— Medium-Mu  Triode 

24B 

7G 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 

6C8G 

Medium-Mu  Twin-Triode 

23 

8G 

6.3 

0.3 

Each  Unit  as  Class  A  Amplifier 

6CB5 

Beam  Power  Tube 

28A 

8GD 

6.3 

2.5 

Horizontal  Deflection  Amplifier 

6CD6G 

Beam  Power  Tube 

28S 

5BT 

6.3 

2.5 

Horizontal  Deflection  Amplifier 

6CG8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

6B 

9GF 

6.3 

6.3 

0.45 

0.45 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

6CH8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

EB 

9FT 

6.3 

0.45 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

8CK4 

Low-Mu  Triode 

13F 

8JB 

6.3 

1.25 

Vertical  Deflection  Amplifier 

60 18 

Medium-Mu  Triode— Sharp-Cutoff 
Tetrode 

EB 

9FX 

6.3 

0.45 

Triode  Unit  as  Class  A  Amplifier 
Tetrode  Unit  as  Class  A 
Amplifier 

GCM8 

High-Mu  Triode— Sharp-Cutoff 
Pentode 

SB 

9FZ 

6.3 

0.45 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

6D6 

Remote-Cutoff  Pentode 

24A 

6F 

6.3 

0.3 

Amplifier  Mixer 

607 

Sharp-Cutoff  Pentode 

24A 

7H 

6.3 

0.3 

Amplifier  Detector 

6D8G 

Pentagrid  Converter 

23 

8A 

6.3 

0.15 

Converter 

6DC8 

Twin  Diode— Remote-Cutoff 
Pentode 

6E 

SHE 

6.3 

0.3 

Class  A  Amplifier 

60M4 

Half-Wave  Rectifier 

13G 

4CG 

6.3 

1.2 

Damper  Service 

SONS 

Beam  Power  Tube 

21 B 

5BT 

6.3 

2.5 

Horizontal  Deflection  Amplifier 

6DQ4 

Half-Wave  Rectifier 

13F 

4CG 

6.3 

1.2 

Damper  Service 

6DQ6A 

Beam  Power  Tube 

2B 

SAM 

6.3 

1.2 

Horizontal  Deflection  Amplifier 

6DT6 

Sharp-Cutoff  Pentode 

5C 

7EN 

6.3 

0.3 

Class  A  Amplifier 

6DW5 

Beam  Power  Tube 

GO 

9CK 

6.3 

1.2 

Vertical  Deflection  Amplifier 

6DZ7 

Twin  Power  Pentode 

19B 

8JP 

6.3 

1.52 

Class  A  Amplifier 

Both  Units  as  Push-Pull 

Class  ABi  Amplifier 

RCA  Types  for  Replacement  Use 
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Plate 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Screen 

Grid 

Cur¬ 

rent 

Plate 

Cur¬ 

rent 

AC  Plate 
Resist¬ 
ance 

Trans- 

conduct¬ 

ance 

Amplifi¬ 

cation 

Factor 

Load 

Volts 

Volts 

mA 

mA 

Ohms 

Micromhos 

Ohms 

AC  Volts  per  Plate  (RMS),  325 
Peak  inverse  Volts,  1275 


Max.  DC  Output  mA,  62.5 

Max.  Peak  Plate  mA,  per  Plate,  350 


_ Total  Effect.  Supply  imped,  per  Plate,  82  ohms _ _ __ 

,  AC  Volts  per  Plate  (RMS),  450  Max.  DC  Output  mA,  62.5 

.  Peak  Inverse  Volts,  1275  Max.  Peak  Plate  mA  per  Plate,  350 


Max.  DC  Plate  Volts,  500 

Max.  Plate  Dissipation:  10  watts  either  plate? 

Max.  DC  Cathode  mA,  180 

12  watts  both  plates 

6BX7GT 

Max.  DC  Plate  Volts,  500 
Max.  DC  Catfi.  mA,  180 

Max.  Peak  Positive-Pulse  Plate  Volts,  2000  (Abs.) 

Max.  Plate  Dissipation:  10  watts  either  plate;  12  watts  both  plates 

Max.  Peak  Inverse  Plate  Volts,  3000  (Abs.) 
Max,  Peak  Plate  mA,  525 

Max.  DC  Plate  mA,  175 

Max.  Peak  Heater-Cathode  Volts: | 

6BY5GA 

125  icon  - 

■  - 

-  10 

5600  8000  45  —  - 

6BZ8 

250  -  8V  - 

*  — 

8.0 

10000  2000  20  — -  - 

605 

6C5GT 

For  other  characteristics,  refer  to  Type  6J7 

806 

250  —  9V  - 

.  _ 

4.5 

16000  1250  20  - -  - - 

6C7 

250  -  4.5V 

-  . — 

3.2 

22500  1600  36  -  - 

6C8G 

Max.  DC  Plate  Volts,  700 
Max.  DC  Cathode  mA,  200 

Max.  Peak  Positive-Pulse  Plate  Volts,  6800  (Abs.) 
Max.  Plate  Dissipation,  23  Watts 

6CB5 

Max.  DC  Plate  Volts,  700 
Max.  DC  Cathode  mA,  200 

Max.  Peak  Positive-Pulse  Plate  Volts,  7000 

Max,  Plate  Dissipation,  20  watts 

6C06G 

100  —  IV 

— 

12 

6000  6500  40  —  - - 

250  —  IV  125 

2.2 

9 

300000  5500  -  -  - 

6CG8 

200  —  6V  - 

— 

13 

5750  3300  19  - -  — 

200  1800  150 

2.8 

9.5 

300000  6200  -  —  - 

6CH8 

Max.  DC  Plate  Volts,  550 
Max.  Peak  Cathode  mA,  350 

Max.  Peak  Positive-Pulse  Plate  Volts,  2000  (Abs.) 
Max.  Plate  Dissipation,  12  watts 

6CK4 

125  —  IV  - 

— 

14 

5000  8000  40  -  - — * 

125  -  IV  125 

4 

12 

120000  6000  - -  -  - 

6CL8 

250  —  2V  - 

— 

1.8 

50000  2000  100  -  - 

250  1800  150 

2.8 

9.5 

600000  6200  -  -  - 

6CM8 

For  other  characteristics,  refer  to  Type  6U7G 

6D6 

For  other  characteristics,  refer  to  Type  6J7 

6D7 

250  —  3V  100 

2.7 

3.5 

Anode-Grid  (2):  250  max.  volts,  4  mA 
360000  Oscillator-Grid  (1)  Resistor.  Conversion 
Transcond.,  550  micromhos. 

6D8G 

250  —  2V  100 

2.7 

9 

1  M  3800  -  -  - 

6008 

Max.  Peak  Inverse  Plate  Volts,  5000  Max.  Peak  Plate  mA,  1100  Max.  DC  Plate  mA,  175 

Max.  Peak  Heater— Cathode  Volts,  —5000  (DC  Component  Not  to  Exceed  900  Volts) 

Max.  Peak  Heater— Cathode  Volts,  +300  (DC  Component  Not  to  Exceed  100  Volts) 

6QM4 

Max.  DC  Plate  Volts,  700 
Max.  DC  Cathode  mA,  200 

Max.  Peak  Positive-Pulse  Plate  Volts,  6600  (Abs.) 
Max.  Plate  Dissipation,  15  watts 

6DN6 

Max.  Peak  Inverse  Volts,  5500 

Max.  Peak  Plate  mA,  1000 

Max.  DC  Plate  mA,  175 

Max.  Plate  Dissipation,  6  watts 

6DQ4 

Max.  DC  Plate  Volts,  770 
Max.  DC  Cathode  mA,  155 

Max.  Peak  Positive-Pulse  Plate  Volts,  6000  (Abs.) 
Max.  Plate  Dissipation,  18  watts 

6DG6A 

150  560Q  100 

2.1 

1.1 

150000  515  -  -  - 

6DT6 

Max.  DC  Plate  Volts,  330 
Max.  DC  Cathode  mA,  65 

Max.  Peak  Positive-Pulse  Plate  Volts,  2200 
Max.  Plate  Dissipation,  11  watts 

6DW5 

250  —  7.3V  250 

5.5 

48 

38000  11300  —  -  - 

400  — 11V  250 

300  1200  250 

13 

15 

100 

80 

-  - -  -  9000  18 

-  -  -  9000  12 

6DZ7 
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RCA  Receiving  Tube  Manual 


RCA 

Type 

name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

6E6 

Twin  Power  Amplifier 

26 

78 

6.3 

0.6 

Push-Pull  Class  A  Amplifier 

6E7 

Remote-Cutoff  Pentode 

24A 

7H 

6.3 

0.3 

Amplifier 

6EA5 

Sharp-Cutoff  Tetrode 

5C 

7EW 

6.3 

0.2 

Class  A  Amplifier 

6EH8 

Medium-Mu  Triode— Sharp  Cutoff 
Pentode 

6B 

9JG 

6.3 

0.45 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

6EJ7 

Sharp-Cutoff  Pentode 

EC 

9AQ 

6.3 

0.3 

Class  A  Amplifier 

6EV7 

High-Mu  Twin  Triode 

EE 

9LP 

6.3 

0.6 

Relay  Control 

8EX6 

Beam  Power  Tube 

21B 

5BT 

6.3 

2.25 

Horizontal  Deflection  Amplifier 

6EY6 

Beam  Power  Tube 

13F 

7AC 

6.3 

0.68 

Vertical  Deflection  Amplifier 

6EZ5 

Beam  Power  Tube 

13F 

7AC 

6.3 

0.8 

Vertical  Deflection  Amplifier 

6F5 

6F56T 

High-Mu  Triode 

3 

14A 

5M 

5M 

6.3 

0.3 

Class  A  Amplifier 

6F66 

6F6GT 

25 

13F 

7S 

7$ 

Pentode  Class  A  Amplifier 

Power  Pentode 

6.3 

0.7 

Trioden  Class  A  Amplifier 

Pentode  Push-Pull  Class  A 
Amplifier 

6F7 

Low-Mu  Triode— -Remote-Cutoff 
Pentode 

24B 

7E 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

6F8G 

Medium-Mu  Twin  Triode 

23 

8G 

6.3 

0.6 

Each  Unit  as  Class  A  Amplifier 

6FE5 

Beam  Power  Tube 

13G 

8KB 

6.3 

1.2 

Class  A  Amplifier 

6FG6 

Refer  to  type  EWI84/6FG6 

6FQ7 

Medium-Mu  Twin  Triode 

EE 

9LP 

6.3 

0.6 

Each  Unit  as  Class  A  Amplifier 

6FV8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

6B 

9FA 

6.3 

0.45 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

6FW8 

Medium-Mu  Twin  Triode 

6B 

9AJ 

6.3 

0.4 

Each  Unit  as  Class  A  Amplifier 

8G6G 

Power  Pentode 

22 

7$ 

6.3 

0.15 

Pentode  Class  A  Amplifier 

SG11 

Beam  Power  Tube— Sharp-Cutoff 
Pentode 

SB 

12BU 

6.3 

1.2 

Beam  Power  Unit  as  Class  A 
Amplifier 

Pentode  Unit  as  Class  A 
Amplifier 

6GH8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

6B 

9AE 

6.3 

0.45 

Triode  Unit  as  Horiz.  Dell.  Osc. 
Pentode  Unit  as 

Horiz,  Defl.  Osc. 

6GJ5 

Hovar  Beam  Power  Tube 

18A 

9GK 

6.3 

1.2 

Horizontal  Deflection  Amplifier 

6GJ8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

SB 

9AE 

6.3 

0.6 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

6GW6 

Beam  Power  Tube 

20 

6AM 

6.3 

1.2 

Horizontal  Deflection  Amplifier 

6GY8 

Triple  High-Mu  Triode 

6B 

SLY 

6.3 

0.45 

Each  Unit  as  Class  A  Amplifier 

8H6 

6H6GT 

Twin  Diode 

29B 

13D 

7Q 

7Q 

6.3 

0.3 

Voltage  Doubler 

Half-Wave  Rectifier 

615 

6J5GT 

Medium-Mu  Triode 

2A 

13D 

6Q 

6Q 

6.3 

0.3 

Class  A  Amplifier 

□  For  two  tubes. 
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grid  Bias 

Screen 

^  f 

|A^ 

CL 

Powi 

if 

- 

or 

Grid 

Plate 

AC  Plate 

Trans- 

AmpSifi- 

RCA 

Cathode 

Screen 

Cur- 

Cur- 

Resist- 

conduct- 

cation 

Out- 

Plate 

Resistor 

find 

rent 

rent 

anee 

anee 

Factor 

Load 

put 

Tyje 

Volts 

Volts 

mA 

mA 

Ohms 

Mieremhos 

Ohms 

Watts 

250 

—27,5V 

— 

— 

— 

— 

— 

— 

14000 

1.60f 

6E6 

For  other  characteristics,  refer  to  Type  6U7G 

6E7 

250 

—  IV 

140 

0.95 

10 

150000 

8000 

— . 

- . 

— 

6EA5 

125 

-  IV 

— - 

— 

13.5 

— 

7500 

40 

.  - , 

— 

6EH8 

125 

-  IV 

125 

4 

12 

170000 

6000 

— — 

— 

— 

200 

—  2.5V 

200 

4.1 

10 

350000 

15000 

- - 

- - 

— - 

6EJ7 

250 

OV 

-  _ _ 

_ 

18.5 

Grid  Volts  for  Plate  M  100 

=  —9  2500-ohm 

6EV7 

150 

OV 

— 

— 

10.0 

Grid  Volts  for  Plate  fih  100 

=  —5  relay 

175 

-30V 

175 

3.3 

67 

8500 

7700 

— 

- - 

— 

6EX6 

250 

— 17.5V 

250 

3 

44 

60000 

4400 

— 

— 

— 

6EY6 

250 

-20V 

250 

3.5 

43 

50000 

4100 

— 

— 

— 

6EZ5 

100 

-  IV 

0.4 

85000 

1150 

100 

6F5 

250 

—  2V 

0.9 

66000 

1500 

100 

6F5GT 

250 

—16.5V 

250 

6.5 

34.0 

80000 

2500 

7000 

3.2 

235 

—20V 

285 

7.0 

38.0 

78000 

2550 

7000 

4.8 

.  6F6G 

250 

—20V 

— 

- - 

31.0 

2600 

2600 

6.8 

4000 

0.85 

-  6F6GT 

315 

-24V 

285 

12. OD 

62.0Q  - 

— 

- ■ 

10000 

n.ot 

100 

—  3V 

— 

— _ 

3.5 

16000 

500 

8 

— _ 

-  ■ 

250 

—  3  V 

100 

1.5 

6.5 

850000 

1100 

— 

— 

6F7 

For  other  characteristics,  refer  to  Type  6J5 

6F80 

145 

— 16  V 

145 

18 

100 

8000 

9500 

— 

1000 

5.6 

6FE5 

6FGS 

250 

—  8V 

— 

— 

9 

7700 

2600 

20 

— • 

— 

6FQ7 

125 

—  IV 

. — - 

— 

14 

5000 

8000 

40 

— 

— 

125 

-  IV 

125 

4 

12 

200000 

6500 

— 

— 

— 

6FV8 

100 

1.2V 

— 

— 

15 

2500 

13000 

33 

— 

— 

6FW8 

180 

-  9V 

180 

2.5 

15.0 

175000 

2300 

- - 

10000 

1.1 

6G6G 

120 

—  8V 

110 

4 

49 

10000 

7500 

— 

2500 

2.3 

•  6011 

150 

1500 

150 

3.5 

15 

20000 

9500 

— 

— 

— 

Max.  DC  Plate  Volts, 

330 

Max.  Plate  Dissipation,  2.5  watts 

Max.  DC  Plate  Volts, 

350 

Max.  Peak  Cathode  mA,  300 

Max.  Plate 

‘  6GH8 

Max.  Peak  Neg.-Pulse  Grid  Volts,  175 

Max.  DC  Cathode  mA,  20 

Dissipation,  2.5  watts 

250 

—22.5V 

150 

2.1 

70 

15000 

7100 

— 

— 

— 

6GJ5 

125 

—  IV 

— 

— 

13.5 

5000 

8500 

40 

- - 

_ — . 

125 

-  iv 

125 

4.5 

12 

150000 

7500 

- - 

— 

— 

6GJ8 

250 

—22.5  V 

150 

2.1 

70 

15000 

7100 

- - 

— 

- - 

6GW6 

125 

—  IV 

_ 

— 

4.5 

14000 

4500 

63 

— 

— 

6GY8 

Max.  AC  Supply  Volts  per  Plate  (RMS),  117 

Max.  DC  Output  mA,  8.  min. 

Min.  Total  Effect.  Plate-Supply  Imped,  per  Plate:  half-wave 

,  30  ohms;  full  wave, 

15  ohms 

6K6 

Max.  AC  Plate  Volts  (RMS),  150 

Min.  Total  Effective  Plate-Supply  Impedance:  up 

■  6H6GT 

Max.  DC  Output  mA,  8  per  Plate 

to  117  volts,  15  ohms;  at  150  volts,  40  ohms 

90 

OV 

_ _ 

_ 

10 

6700 

3000 

20 

__ _ _ 

_ _ 

6J5 

250 

—  8V 

— 

— 

9 

7700 

2600 

20 

— 

— 

6J5GT 

t  For  two  tubes  at  stated  p!ate-to-plate  load,  p  For  two  tubes. 
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RCA  Receiving  Tube  Manual 


RCA 

Type 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

6J6 

Medium-Mu  Twin  Triode 

5C 

7BF 

6.3 

6.3 

0.45 

0.45 

Each  Unit  as  Class  A  Amplifier 

Push-Pull  Class  C  Amplifier 

617 

6J7G 

6J7GT 

Sharp-Cutoff  Pentode 

3 

23 

14A 

7R 

7R 

7R 

6.3 

0.3 

Pentode  Class  A  RF  Amplifier 

6J8G 

Triode-Heptode  Converter 

23 

8H 

6.3 

0.3 

Triode  Unit  as  Oscillator 

Heptode  Unit  as  Mixer 

6SE6 

Beam  Power  Tube 

18B 

9QL 

6.3 

2.5 

Horizontal  Deflection  Amplifier 

6JG6 

Beam  Power  Tube 

17B 

9SU 

6.3 

1.6 

Horizontal  Deflection  Amplifier 

6JS6 

Beam  Power  Tube 

16B 

12FY 

6.3 

2.25 

Horizontal  Deflection  Amplifier 

6K5GT 

High-Mu  Triode 

14A 

5U 

6.3 

0.3 

Class  A  Amplifier 

6K7 

6K7G 

6K7GT 

Remote-Cutoff  Pentode 

3 

23 

14A 

7R 

7R 

7R 

6.3 

0.3 

Class  A  Amplifier 

Cj/O 

Triode  Unit  as  Oscillator 

DkVo 

6K8G 

6K8GT 

Triode-Hexode  Converter 

3 

23 

8K 

8K 

8K 

6.3 

0.3 

Hexode  Unit  as  Mixer 

6K11 

Twin  High-Mu  Triode— 
Medium-Mu  Triode 

8A 

12BY 

6.3 

0.6 

Twin  Unit  as  Class  A  Amplifier 
Class  A  Amplifier 

6KL8 

Diode — Sharp-Cutoff  Pentode 

6E 

9U 

6.3 

0.3 

Pentode  Unit  as  Class  A 
Amplifier 

6L5G 

Medium-Mu  Triode 

22 

6Q 

6.3 

0.15 

Class  A  Amplifier 

6L6G 

6L6GB 

Beam  Power  Tube 

27B 

13D 

7AG 

7AC 

6.3 

0.9 

Single-Tube  Class  A  Amplifier 

Push-Pull  Class  A  Amplifier 

Push-Pull  Class  ABi  Amplifier 

617 

6L7.G 

Pentagrid  Mixero 

3 

23 

7T 

71 

6.3 

0.3 

Mixer  Service 

6N6G 

Direct-Coupled  Power  Triode 

25 

7AU 

6.3 

0.8 

Class  A  Amplifier 

GN7 

Medium-Mu  Twin  Power  Triode 

2B 

8B 

8B 

6.3 

0.8 

Class  A  Amptier  (as  Driver) 

6N7GT 

13D 

Class  B  Amplifier 

6P5GT 

Medium-Mu  Triode 

13D 

6Q 

6.3 

0.3 

Amplifier  Detector 

6P7G 

Low-Mu  Triode— Remote-Cutoff 
Pentode 

23 

7U 

6.3 

0.3 

Amplifier  and  Converter 

6Q7 

6G7G 

6Q7GT 

Twin  Diode  High-Mu  Triode 

3 

23 

14A 

7V 

7V 

7V 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 

6Q11 

Twin  High-Mu  Triode— 
Medium-Mu  Triode 

8A 

12BY 

6.3 

0.6 

Twin  Unit  as  Class  A  Amplifier 
Class  A  Amplifier 

6R7 

6R7G 

6R7GT 

Twin  Diode— Medium-Mu  Triode 

3 

23 

14A 

7V 

7V 

7V 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 

6S4 

Medium-Mu  Triode 

8E 

9AC 

6.3 

6.3 

0.6 

0.6 

Vertical  Deflection  Amplifier 

6S7 

6S7G 

Remote-Cutoff  Pentode 

3 

23 

7R 

7R 

6.3 

0.15 

Class  A  Amplifier 

D  For  two  tubes. 


RCA  Types  for  Replacement  Use 
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Power 


Grid  Bias 
or 

Screen 

Grid 

Plate 

AC  Plate 

Trans- 

Amplifi¬ 

RCA 

Cathode 

Screen 

Cur¬ 

Cur¬ 

Resist¬ 

conduct¬ 

cation 

Out¬ 

Type 

Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 

Volts 

Volts 

mA 

mA 

Ohms 

Micromhos 

Ohms 

Watts 

100 

150 

500  (For  both  units) 

— 10V  * -  - - 

8.5 

30 

7100  5300  38 

Grid  Current,  16  mA 

Driving  Power,  0.35  watt 

—  3.5 

6J6 

100 

250 

—  3V 

—  3V 

100  0.5 

100  0.5 

2.0 

2.0 

1M 

1M 

1185  - 

1225  - - 

—  — 

6J7 

6J7G 

6J7GT 

100 

250 

Triode-Grid  Resistor, 

50000  ohms 

4 

5 

— 

_  _ _ 

-  - 

6J8G 

250 

—  3V 

100  2.8 

1.4 

1.5  M 

Conversion  Transcend.,  290  micromhos 

For  other  characteristics,  refer  to  Type  6JE6A 

61E6 

For  other  characteristics,  refer  to  Type  6JG6A 

6JG6 

175 

—25V 

125  4.5 

125 

5600 

■mnn  Ampl.  Factor 

11300  (Grid  No.2  to  Plate  3) 

6JS6 

250 

—  3V 

-  - 

1.1 

50000 

1400  70 

-  - 

6K5GT 

250 

-  3V 

125  2.6 

10.5 

600000 

1650  - 

-  - 

6K7 

6K7G 

6K7GT 

100 

Grid  Res., 

50000  ohms 

3.8 

Triode-Grid  &  Hexode-Grid  Current,  0.15  mA 

6K6 

100 

250 

250 

—  3V 

—  3V 

—  2V 

100  6.2 

100  6.0 

2.3 

2.5 

1.2 

400000 

600000 

62500 

Conversion  Transcond.,  325  micromhos 
Conversion  Transcond.,  350  micromhos 

1600  100  -  - 

6K8G 

6K8GT 

6K11 

250 

100 

—  8.5V 

0 

100  2.2 

10.5 

5.5 

7700 

555000 

2200  17  -  - 

flonn  Grid-No.  1  Volts  for  plate  cur- 

4300  rent  of  10  //.A>  4.2 

6KL8 

250 

—  9V 

' -  - 

8.0 

9000 

1900  17 

—  - 

6L5G 

250 

250 

—14V 

1680 

250  5.0 

250  5.4 

72.0 

75.0 

— 

_  _ 

2500  6.5 

2500  6.5 

6L6G 

6L6GB 

270 

270 

— 17.5V 
1240 □ 

270  11.0  D 
270  11.00 

134.00 

134.00 

— 

-  _ — 

5000  17.5t 

5000  18. 5f 

360 

360 

— 22.5  V 
2480  □ 

270  5.0  □ 

270  5.0  □ 

88.00 

88.00 

■ — — 

_ _  _ 

6600  26.5t 

9000  24. 5t 

250 

—  6V 

150  9.2 

2.3 

Oscillator-Grid  (No.  3)  Bias,  —15  volts 

Grid-No.  3  Peak  Swing,  16  volts  minimum 
Conversion  Transcond.,  350  micromhos 

617 

6L7G 

Output  Triode:  Plate  Volts,  300;  Plate  mA,  45;  Load,  7000  ohms 

Triode:  Plate  Volts,  300;  Grid  Volts,  0;  Input  Plate  mA,  8 

4.0 

6N6G 

250 

300 

—  5V 

—  6V 

* -  - 

6.0 

7.0 

11300 

11000 

3100  35 

3200  35 

20000  exceeds 

or  more  0,4 

6N7 

6H7GT 

300 

ov 

Power  Output  for  1  tube  at  stated  plate-to-plate  load 

8000  10.0 

250 

—13.5 

' -  - 

5.0 

9500 

— ~  13.8 

- - - 

6P5GT 

For  other  characteristics,  refer  to  Type  6F7 

6P7G 

100 

250 

—  IV 

—  3V 

-  - 

0.8 

U 

58000 

58000 

1200  70 

1200  70 

-  - 

667 

6Q7G 

6G7GT 

250 

—  2V 

-  - 

1.2 

62500 

1600  100 

-  - 

6Q11 

150 

OV 

-  - - 

22 

7000 

2500  18 

r -  - 

250 

-  9V 

—  - 

9.5 

8500 

1900  16 

■ -  . - - 

6R7 

6R7G 

6R7GT 

Max.  DC  Plate  Volts,  550 

Max.  DC  Cathode  mA,  30 

Max.  Peak  Positive-Pulse  Plate  Volts,  2200 

Max.  Plate  Dissipation,  8.5  watts 

6S4 

250 

—  3V 

100  2.0 

8.5 

1  M 

1750  - - 

-  - 

6S7 

6S7G 

t  For  two  tubes  at  stated  plate-tp-plate  load. 

P  For  two  tubes. 
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RCA  Receiving  Tube  Manual 


rca 

•! m 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

¥olts 

Amperes 

8S8GT 

Triple  Diode— High-Mu  Triode 

14C 

8CB 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 

6SA7 

6SA7GT 

Pentagrid  Converter 

2A 

130 

8R 

8AD 

6.3 

0.3 

Converter 

GSB7Y 

Pentagrid  Converter 

2A 

8R 

6.3 

0.3 

Mixer 

6SC7 

High-Mu  Twin  Triode 

2A 

as 

6.3 

0.3 

Each  Unit  as  Amplifier 

6SF5 

6SF5GT 

High-Mu  Triode 

2A 

13D 

SAB 

SAB 

6.3 

0.3 

Class  A  Amplifier 

SSF7 

Diode— Remote-Cutoff  Pentode 

2A 

7AZ 

6.3 

0.3 

Pentode  Unit  as  Class  A 
Amplifier 

BSG7 

Semiremote-Cutoff  Pentode 

2A 

8BK 

6.3 

0.3 

Class  A  Amplifier 

0SH7 

Sharp^Cutoff  Pentode 

2A 

8BK 

6.3 

0.3 

Class  A  Amplifier 

6$i7 

SSJ7GT 

Sharp-Cutoff  Pentode 

2A 

13D 

SN 

8N 

6.3 

0.3 

Class  A  Amplifier 

6SK7 

SSK7GT 

Remote-Cutoff  Pentode 

2A 

130 

8N 

8N 

6.3 

0.3 

Class  A  Amplifier 

6SN7GT 

13D 

13D 

6,3 

0.6 

Each  Unit  as  Class  A  Amplifier 

6SN7 

GTA 

Medium-Mu  Twin  Triode 

830 

6.3 

6.3 

0.6 

0,6 

Each  Unit  as  Vertical  Amplifier 

6SQ7 

SSQ7GT 

Twin-Diode— High-Mu  Triode 

2A 

13D 

8Q 

8Q 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 

6SR7 

Twin  Diode— Medium-Mu  Triode 

2A 

8Q 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 

6SS7 

Remote-Cutoff  Pentode 

2A 

8N 

6.3 

0.15 

Class  A  Amplifier 

6ST7 

Twin  Diode—Medium-Mu  Triode 

2A 

83 

6.3 

0.15 

Triode  Unit  as  Amplifier 

6SZ7 

Twin  Diode— High-Mu  Triode 

2A 

m 

6.3 

0.15 

Triode  Unit  as  Class  A  Amplifier 

6T4 

Medium-Mu  Triads 

5D 

70K 

6.3 

0.225 

Oscillator  In  UHF  TV  Receivers 

Class  A  Amplifier 

8T7G 

Twin  Diode— High-Mu  Triode 

22 

7V 

6.3 

0.15 

Triode  Unit  as  Class  A  Amplifier 

6T8 

Triple  Diode— High-Mu  Triode 

6B 

9E 

6.3 

6.3 

0.45 

0,45 

Triode  Unit  as  Class  A  Amplifier 

8U5 

Electron-Ray  Tube 

13H 

6R 

6.3 

0.3 

Visual  Indicator 

6U7G 

Remote-Cutoff  Pentode 

28J 

7R 

6.3 

0.3 

Class  A  Amplifier 

6U8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

SB 

9AE 

6.3 

0.45 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

Single-Tube  Class  A  Amplifier 

6V6GT 

Beam  Power  Tube 

13D 

7AC 

6.3 

0.45 

Push-Pull  Class  ABi  Amplifier 

6V7G 

Twin  Diode— Low-Mu  Triode 

23 

7V 

6.3 

0.3 

Triode  Unit  as  Amplifier 

6W7G 

Sharp-Cutoff  Pentode 

23 

7R 

6.3 

0.15 

Class  A  Amplifier 

8X5 

Futt-Wave  Rectifier 

2B 

SS 

6.3 

ft  A 

With  Capacitive-Input  Filter 

With  Inductive-Input  Filter 

RCA  Types  for  Replacement  Use 
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Power 

Grid  Bias 

Screen 

or 

Grid 

Plate 

AC  Hate 

Trans- 

Amplifi- 

RCA 

Cathode 

Screen 

Cur- 

Cur- 

Resist- 

conduct- 

cation 

!  Out- 

Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 

Type 

Volts 

Volts 

nsA 

mA 

Ohms 

Micromhos 

Ohms 

!  Watts 

250 

—  2V 

— 

• — - 

0.9 

91000 

1100 

100 

— 

■ - 

6S8ST 

250 

Self- 

100 

8.5 

3.5 

1.0 

Grid-No.  1  Resistor,  20000  ohms. 

6SA7 

Excited 

Conversion  Transcond.,  450  micromhos 

6SA76T 

100 

-  IV 

100 

10.2 

3.6 

500000 

Grid-No.  1  Resistor,  20000  ohms. 
Conversion  Transcond.,  950  micromhos 

BSB7T 

250 

—  2V 

— 

— 

2.0 

53000 

1325 

70 

- - 

— 

6SC7 

250 

—  2V 

— 

— 

0.9 

66000 

1500 

100 

— 

— 

6SF5 

6SF5GT 

100 

-  IV 

100 

3.4 

12.0 

200000 

1975 

BSF7 

250 

—  IV 

100 

3.3 

12.4 

700000 

2050 

100 

-  IV 

100 

3.2 

8.2 

250000 

4100 

-  , 

— 

— 

6SG7 

250 

—  2.5V 

150 

3.4 

9.2 

1  M 

4000 

— 

— 

— 

100 

—  IV 

100 

2.1 

5.3 

350000 

4000 

mm 

250 

—  IV 

150 

4.1 

10.8 

900000 

4900 

100 

—  3V 

100 

0.9 

2.9 

700000 

1575 

6SJ7 

250 

—  3V 

100 

0.8 

3.0 

1  M 

1650 

6SJ7GT 

100 

—  IV 

100 

4.0 

13.0 

120000 

2350 

6SK7 

250 

—  3V 

100 

2.6 

9.2 

800000 

2000 

BSK70T 

100 

0V 

_ 

_ 

10.0 

6700 

3000 

20 

— 

— 

6SN7GT 

- 

250 

—  8V 

— 

— 

9.0 

7700 

2600 

20 

— 

— 

Max. 

DC  Plate  Volts,  450 

Max.  Plate  Dissipation:  5  watts  either  plate:  7.5  watts  both  plates 

Don!/ 

GIA 

Max.  Peak  Cathode  mA,  70 

Max.  Peak  Positive  Pulse  Plate  Voits,  1500 

100 

—  IV 

0.5 

110000 

925 

100 

_ 

_ 

6S07 

250 

—  2V 

1.1 

85000 

1175 

100 

— 

— 

6SQ7GT 

250 

—  9V 

— 

— 

9.5 

8500 

1900 

16 

- . 

• - 

0SR7 

250 

—  3V 

100 

2.0 

9.0 

1  M 

1850 

- - 

— 

— 

6SS7 

For  other  characteristics,  refer  to  Type  6SR7 

6ST7 

100 

—  IV 

— — 

- - 

0.8 

54000 

1300 

70 

- - 

— 

6SZ7 

250 

—  3V 

— 

• — - 

1.0 

53000 

1200 

70 

— 

— 

Max.  DC  Plate  Volts, 

200 

Max.  Grid  mA,  8 

Max,  DC  Cathode  mA, 

30 

Max. 

Plate  Dissipation,  3.5  watts 

.  614 

80 

1500 

— 

— 

18 

— . 

7000 

13 

— 

— 

250 

—  3V 

— 

— 

1.2 

62000 

1050 

65 

— 

— 

-  fiT7ft 

300 

45800 

— 

— 

Grid  Resistor,** 

0.5  MQ 

Gain  per  stage,  40 

0  t  /  u 

100 

—  IV 

— 

— 

0.8 

54000 

1300 

70 

— - 

— ~ 

618 

250 

—  3V 

— 

— 

1.0 

58000 

1200 

70 

— 

— 

Plate  &  Target  Supply 

,  250  volts.  Triode  Plate  Resistor,  1.0  MO  Target  Current  4.0  mA 

BUS 

Grid  Bias,  —22  volts; 

Shadow  Angle,  0°. 

.  Bias,  0  volts;  Angie,  90°;  Plate  Current 

,  0.24  mA 

250 

—  3V 

100 

2.0 

8.2 

800000 

1600 

— 

— 

— 

6U7G 

125 

—  IV 

— 

— 

13.5 

- . 

7500 

40 

— 

— 

'  6U8 

125 

—  IV 

110 

3.5 

9.5 

200000 

5000 

— 

— 

— 

250 

-12.5V 

250 

4.5 

45.0 

50000 

4100 

— 

5000 

4.5 

315 

—13V 

225 

2.2 

34.0 

80000 

3750 

• - 

8500 

5.5 

-  6V6GT 

250 

—15V 

250 

5.0a 

70.00 

. — ~ 

- - - 

- - 

10000 

lO.Ot 

285 

—19V 

285 

4.00 

70.0a 

— 

— 

— 

8000 

14.0t 

For  other  characteristics,  refer  to  Type  85 

6V7G 

250 

—  3V 

100 

0.5 

2.0 

1.5  M 

1225 

— 

— 

— 

6W7G 

Max.  AC  Volts  per  Plate  (RMS), 

,  325 

Max.  DC  Output  mA,  70 

Min.  Total  Effect.  Supply 

Max.  Peak  Inverse  Volts,  1250 

Max.  Peak  Plate  mA,  245 

Imped,  per  Plate, 

525  ohms 

.  6X5 

Max.  AC  Volts  per  Piate  (RMS),  400 

Max.  DC  Output  mA,  70 

Min.  Value  of  Input  Choke, 

Max.  Peak  Inverse  Volts,  1250 

Max.  Peak  Plate  mA,  245 

10  henries 

t  For  two  tubes  at  stated  plate-to-plate  load, 


D  For  two  tubes. 
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rca 

Typa 

Marne 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

8V5 

Full-Wave  Rectifier 

22  or 
13H 

SJ 

6.3 

0.8 

With  Capacitive-Input  Filter 

6Y7G 

Hlgh-Mu  Twin  Power  Triode 

22 

8B 

6.3 

0.6 

Class  8  Amplifier 

8Z4 

Refer  to  type  84/6Z4 

6Z5 

Full-Wave  Rectifier 

22 

6K 

6.3 

12.6 

0.8 

0.4 

With  Capacitive-Input  Filter 

6Z7G 

High-Mu  Twin  Power  Triode 

22 

8B 

6.3 

0.3 

Class  B  Amplifier 

6ZY5G 

Full-Wave  Rectifier 

22 

6$ 

6.3 

0.3 

With  Capacitive-Input  Filter 

7A4 

Medium-Mu  Triode 

12B 

SAC 

6.3 

0.3 

Amplifier 

7A5 

Beam  Power  Tube 

12C 

8AA 

6.3 

0,75 

Class  A  Amplifier 

7A6 

Twin  Diode 

12B 

7AJ 

6.3 

0.15 

Detector  Rectifier 

m 

Remote-Cutoff  Pentode 

12B 

8V 

6.3 

0.3 

Class  A  Amplifier 

CO 

Octode  Converter 

12B 

8U 

6.3 

0.15 

Converter 

7AD7 

Power  Pentode 

120 

8V 

6.3 

0.6 

Class  A  Amplifier 

7AF7 

Medium-Mu  Twin  Triode 

12B 

8AC 

6.3 

0.3 

Each  Unit  as  Class  A  Amplifier 

7AG7 

Sharp-Cutoff  Pentode 

12B 

8V 

6.3 

0.15 

Class  A  Amplifier 

7AH7 

Sharp-Cutoff  Pentode 

12B 

8V 

6.3 

0.15 

Class  A  Amplifier 

7B4 

High-Mu  Triode 

12B 

5AC 

6.3 

0.3 

Amplifier 

7B5 

Power  Pentode 

12C 

6AE 

6.3 

0.4 

Class  A  Amplifier 

7B6 

Twin  Diode— High-Mu  Triode 

12B 

8W 

6.3 

0.3 

Triode  Unit  as  Amplifier 

7B7 

Remote-Cutoff  Pentode 

f2B 

BV 

6.3 

0.15 

Class  A  Amplifier 

7B8 

Pentagrid  Converter 

12B 

8X 

6.3 

0.3 

Converter 

705 

Beam  Power  Tube 

12C 

6AA 

6.3 

0.45 

Class  A  Amplifier 

706 

Twin  Diode— High-Mu  Triode 

12B 

8W 

6.3 

0.15 

Triode  Unit  as  Class  A  Amplifier 

707 

Sharp-Cutoff  Pentode 

12B 

8V 

6.3 

0.15 

Class  A  Amplifier 

7E6 

Twin  Diode— Medium-Mu  Triode 

12B 

8W 

6.3 

0.3 

Triode  Unit  as  Amplifier 

7E7 

Twin  Diode— Remote-Cutoff 
Pentode 

12B 

8AE 

6.3 

6.3 

Pentode  Unit  as  Class  A 
Amplifier 

7EY6 

Beam  Power  Tube 

13F 

7AC 

7.2 

0.6 

Vertical  Deflection  Amplifier 

7F7 

High-Mu  Twin  Triode 

12B 

8AC 

6.3 

0.3 

Each  Unit  as  Amplifier 

7F8 

Medium-Mu  Twin  Triode 

12  A 

8BW 

6.3 

0.3 

Each  Unit  as  Class  A  Amplifier 

7G7 

Sharp-Cutoff  Pentode 

12B 

8V 

6.3 

0.45 

Class  A  Amplifier 

7H7 

Semiremote-Cutoff  Pentode 

128 

8V 

6.3 

0.3 

Class  A  Amplifier 

717 

Triode-Meptode  Converter 

12B 

83  L 

6.3 

0.3 

Triode  Unit  as  Oscillator 

Heptode  Unit  as  Mixer 

^7K7 

Twin  Diode — High-Mu  Triode 

12B 

88  F 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 

7L7 

Sharp-Cutoff  Pentode 

12B 

8V 

6.3 

0.3 

Class  A  Amplifier 

7N7 

Medium-Mu  Twin-Triode 

12C 

SAC 

6.3 

0.6 

Each  Unit  as  Class  A  Amplifier 

7Q7 

Pentagrid  Converter 

12B 

SAL 

6.3 

0,3 

Converter 

7R7 

Twin  Diode— Remote-Cutoff 
Pentode 

12B 

8AE 

6.3 

0.3 

Pentode  Unit  as  Class  A 
Amplifier 

7S7 

Triode-Heptode  Converter 

12B 

8BL 

6.3 

0.3 

Triode  Unit  as  Oscillator 

Heptode  Unit  as  Mixer 

RCA  Types  for  Replacement  Use 
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Power 


Qrid  Bias 

Screen 

or 

Grid 

Plate 

AC  Plate 

Trans- 

Amplifi¬ 

Cathode 

Screen 

Cur¬ 

Cur¬ 

Resist¬ 

conduct¬ 

cation 

Out¬ 

Plate 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

Load 

put 

Volts 

Veits 

mA 

mA 

Ohms 

Micromhos 

Ohms 

Watts 

Max.  AC  Volts  per  Plate  (RMS),  350 

Max.  DC  Output  mA,  50 

6Y5 

For  other  characteristics,  refer  to  Type  79 

6Y7G 

6Z4 

Max.  AC  Volts  per  Plate  (RMS),  230 

Max.  DC  Output  mA,  60 

6Z5 

180 

OV 

Power  Output  is  for  one  tube  at  stated  plate-to-pSate  load  12000  4.2 

6Z7G 

„  n  ,  ,  ,A  ,ncn  Max.  DC  Output  mA,  40  Min.  Total  Effect.  Supply 

Max.  Peak  Inverse  Voks,  12^0  Max.  Peak  P|ate  120  Imped,  per  Plate,  225  ohms 

6ZY5G 

For  other  characteristics,  refer  to  Type  6J5 

7A4 

110 

125 

—  7.5V 

—  9V 

110  3.0  40.0  16000  5800  2500  1.5 

125  3.3  44.0  17000  6000  2700  2.2 

7A5 

Max.  AC  Voltage  per  Plate,  150  Volts,  RMS  Max.  DC  Output  Current  per  plate,  8  mA 

7A6 

For  other  characteristics,  refer  to  Type  6SK7 

7A7 

250 

—  3V 

Anode-Grid  (2):  250  max.  volts,  4.2  mA 
100  3.2  3.0  700000  Oscillator-Grid  No.  1  Resistor.  Conver¬ 

sion  Transcond.,  550  micromhos 

7A8 

300 

680 

150  7.0  28.0  300000  9500  -  - -  - 

7AD7 

250 

— 10V 

-  -  9.0  7600  2100  16  -  - 

7AF7 

250 

2500 

250  2.0  6.0  1  M  4200  -  -  - 

7AG7 

250 

2500 

250  1.9  6.8  1  M  3300  - -  -  - 

7AH7 

For  other  characteristics,  refer  to  Type  6SF5 

7B4 

For  other  characteristics,  refer  to  Type  6K6GT 

7B5 

For  other  characteristics,  refer  to  Type  6SQ7 

7B6 

250 

—  3V 

100  1.7  8.5  750000  1750  -  -  - 

7B7 

For  other  characteristics,  refer  to  Type  6A8 

7B8 

For  other  characteristics,  refer  to  Type  6V6 

7C5 

250 

—  IV 

-  — .  1.3  100000  1000  100  -  - 

706 

250 

—  3V 

100  0.5  2.0  2  M  1300  -  ■ -  - 

7C7 

For  other  characteristics,  refer  to  Type  6BF6 

7E6 

250 

3300 

100  1.6  7.5  700000  1300  -  -  - 

7E7 

For  other  characteristics,  refer  to  Type  6EY6 

7EY6 

For  other  characteristics,  refer  to  Type  6SL7GT 

7F7 

250 

5000 

-  - -  6.0  -  3300  48  -  - 

7F8 

250 

—  2V 

100  2.0  6.0  800000  4500  -  -  - 

7G7 

100 

250 

—  1.5V 
1800 

100  2.6  7.5  350000"  4000  -  -  - 

150  3.2  10.0  800000  4000  -  -  - 

7H7 

250 

^^^OOOO^ohms8^0^  5,0  Triode-Grid  &  Heptode-Grid  Current,  0.4  mA 

717 

250 

-  3V 

100  2.8  1.4  1.5  M  Conversion  Transcond.,  290  /imhos 

250 

—  2  V 

-  -  2.3  44000  1600  70  -  - 

7K7 

100 

250 

—  IV 

—  1.5V 

100  2.4  5.5  100000  3000  - -  -  - 

100  1.5  4.5  1  M  3100  -  -  - 

111 

For  other  characteristics,  refer  to  Type  6SN7GT 

7N7 

250 

—  2V 

inn  0  -  1  m  Grid  No.  1  Resistor,  20000  ohms 

b,i5  1 M  Conversion  Transcond.,  450  ^mhos 

7Q7 

250 

—  IV 

100  2.1  5.7  1  M  3200  —  - - -  * - 

7R7 

100 

250 

Triode-Grid  Resistor,  3.0  - —  —  -  - 

50000  ohms  5.0  • — -  - -  —  — =—  - 

7S7 

250 

—  2  V 

100  3.0  1.8  1.25  M  Conversion  Transcond.,  525  /imhos 
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RCA 

tip® 

Nam® 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

m 

Sharp-Cutoff  Pentode 

12B 

8V 

6.3 

0.45 

Class  A  Amplifier 

mi 

Sharp-Cutoff  Pentode 

12B 

8B1 

6.3 

0.45 

Class  A  Amplifier 

m 

Twin  Diode— High-Mu  Triode 

12C 

88Z 

6.3 

0.3 

Triode  Unit  as  Class  A  Amplifier 

m 

Full-Wave  Rectifier 

12B 

SAB 

6.3 

0.5 

With  Capacitive-Input  Filter 

724 

Full-Wave  Rectifier 

12C 

SAB 

6.3 

0.9 

With  Capacitive-input  Filter 

8FQ7 

Medium-Mil  Twin  Triode 

GE 

9LP 

8.4 

0.45 

Vertical  and  Horizontal 
Deflection  Oscillators 

SBR7 

Twin  Diode— High-Mu  Triode 

SB 

9CF 

4.7 

9.4 

0.6 

0.3 

Triode  Unit  as  Class  A  Amplifier 

SOLS 

Medium-Mu  Triode— Sharp-Cutoff 
Tetrode 

SB 

9FX 

9.5 

0.3 

Triode  Unit  as  Class  A  Amplifier 
Tetrode  Unit  as  Class  A 
Amplifier 

10 

Power  Triode 

27B 

4D 

7.5F 

1.25 

Class  A  Amplifier 

ISOS 

High-Mu  Triode— Sharp-Cutoff 
Pentode 

SB 

9DA 

10.5 

0.3 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

11 

12 

Detector  Amplifier 

4F 

4D 

4F 

4D 

1.1F 

0.25 

Class  A  Amplifier 

12A5 

Power  Pentode 

22  or 
13H 

7F 

6.3 

12.6 

0.6 

0.3 

Class  A  Amplifier 

12A7 

Rectifier— Power  Pentode 

24B 

7K 

12.6 

0.3 

Pentode  Unit  as  Class  A 
Amplifier 

Half-Wave  Rectifier 

12A86T 

Pentagrid  Converter 

14A 

8A 

12.6 

0.15 

Converter 

12A06 

Remote-Cutoff  Pentode 

5C 

7BK 

10.0 

to 

15.9 

0.15 
approx, 
at  12,6  V 

Class  A  Amplifier 

12AD6 

Pentagrid  Converter 

5C 

7CH 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6  V 

Converter 

12AE6 

Twin  Diode— Medium-Mu  Triode 

5C 

7BT 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6  V 

Triode  Unit  as  Class  A  Amplifier 

12MBA 

Twin  Diode— Medium-Mu  Triode 

5C 

7BT 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6  V 

Triode  Unit  as  Class  A  Amplifier 

12AE7 

Dual  Triode 

SB 

9A 

10.0 

to 

15.9 

0.45 
approx, 
at  12.6  V 

Unit  No.  1  as  Class  A  Amplifier 
Unit  No.  2  as  Class  A  Amplifier 

12AF8 

Remote-Cutoff  Pentode 

SO 

7BK 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6  V 

Class  A  Amplifier 

ImT 

GT 

Medium-Mu  Twin  Triode 

13C 

8BE 

12.6 

0.15 

Each  Unit  as  Class  A  Amplifier 

12AJ8 

Twin  Diode— Medium-Mu  Triode 

SC 

7BT 

10.0 

to 

15.9 

0.15 
approx, 
at  12.8  V 

Triode  Unit  as  Class  A  Amplifier 

0.55 
approx, 
at  12.6  V 

Triode  Unit  as  Class  A  Amplifier 

'  IMS 

Medium-Mu  Triode^-Pawer 
Tetrode 

6E 

90S 

10.0 

to 

15.9 

Tetrode  Unit  as  Class  A 
Amplifier 

12AU7 

Medium-Mu  Twin  Triode 

SB 

9A 

6.3 

12.6 

0.3 

0.15 

Each  Unit  as  Class  A  Amplifier 

12AV7  Medium-Mu  Twin  Triode  6B  9A  .S;!  jj;§5  Each  Unit  as  Class  A  Amplifier 
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Power 

Plate 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Screen  Cur- 
Grid  rent 

Plate 

Cur¬ 

rent 

AC  Plate 

Resist¬ 

ance 

Trans- 

conduct¬ 

ance 

Amplifi¬ 

cation 

Factor  Load 

Out¬ 

put 

RCA 

Type 

Volts 

Volts  mA 

mA 

Ohms 

Micromhos 

Ohms 

Watts 

300 

1600 

150  3.9 

10.0 

300000 

5800 

-  - 

— 

m 

For  other  characteristics,  refer  to  Type  7V7 

7W7 

250 

—  IV 

-  - 

1.9 

67000 

1500 

100  - 

— 

7X7 

Max. 

Peak  Inverse  Volts,  1250 

Max. 

DC  Output  mA,70 

Max.  Peak  Plate  mA,  180  7Y4 

Max.  Peak  Inverse  Volts,  1250 

Max.  DC  Output  mA,  100 
Max.  Peak  Plate  mA,  300 

Min.  Total  Effec.  Supply 
Imped,  per  Plate,  75  ohms 

7Z4 

For  other  characteristics,  refer  to  Type  6FQ7 

8FQ7 

250 

2000 

-  - 

10 

10900 

4000 

60  - 

— 

9BR7 

125 

560 

-  - 

15 

5000 

8000 

40  - 

- •• 

125 

—  IV 

125  4 

12 

100000 

5800 

-  - 

— 

9CL6 

425 

—40V 

-  - 

18.0 

5000 

1600 

8.0  10200 

1.6 

10 

250 

3900 

-  - 

7.3 

12000 

4400 

53 

— 

135 

ioon 

135  3.2 

11.5 

190000 

8000 

-  - 

— 

10C8 

135 

-10.5V 

-  - 

3 

15500 

440 

-  - 

— 

11 

12 

180 

—25V 

180  8.0 

45.0 

35000 

2400 

-  3300 

3.4 

12A5 

135 

—13.5V 

135  2.5 

9.0 

100000 

975 

-  13500 

0.55 

T  9A7 

Maximum  AC 
Maximum  DC 

Plate  Voltage . 

Output  Current, 

. 

. 125  Volts,  RMS 

.  30  Milliamperes 

-  1ZA/ 

For  other  characteristics,  refer  to  Type  6A8GT 

12A86T 

12.6 

• - 

12.6  .2 

.55 

500000 

730 

/Grid-No.  1  Supply  Volts,  0  1 

[Grid-No.  1  Res.,  2.2  megohms/ 

men 

12.6 

Self- 

excited 

12.6  1.5 

0.45 

1  M 

Grid-No.  1  Resistor,  33000  ohms 
Conversion  Transcond.,  260  micromhos 

12AB6 

12.6 

OV 

-  - 

0.75 

15000 

1000 

15  - 

— 

12AE6 

12.6 

ov 

—  - 

1 

13000 

1300 

16.7  - 

— 

12 AEG A 

12.6 

Grid  Res.  1.5  megohms 

1.9 

3150 

4000 

13.0  - 

— 

19AF7 

12.6 

Grid  Res.  1  megohm 

7.5 

S85 

6500 

6.4  - 

— 

12.6 

— 

22.6  0.45 

1.1 

350000 

1500 

/Grid-No.  1  Supply  Volts,  0  \ 

[Grid-No.  1  Res.,  2.2  megohms/ 

12AF6 

180 

—  6.5V 

-  - 

7.6 

8400 

1900 

16  - 

— 

12AH7 

GT 

12.6 

/Grid-No.  1  Supply  Volts,  0  ] 

[Grid-No.  1  Res.,  2.2  megohms/ 

0.75 

45000 

1200 

55  - 

— 

12AJ6 

12.6 

—  0.9V 

(across  2.2  megohm  res.) 

.5 

13000 

1000 

13  - 

— 

Grid-No.  2  (Control  Grid)  Volts,  —.5 
(across  2.2  megohm  res.) 

Grid-No.  1  (Space-Charge  Grid)  Volts,  12.6 
Transcond.  (Grid-No.  2  to  Plate),  15000  jumhos 

Ampl.  Factor  (Grid-No.  2  to  Plate)  7.2 
Grid-No.  1  mA,  75  Plate  mA,  40 
Plate  Resistance,  480  ohms 

12  ALB 

100 

250 

OV 

—  8.5V 

■ -  - 

11.8 

10.5 

6250 

7700 

3100 

2200 

19.5  — - 

17  - 

— 

12AU7 

150 

560 

-  — - 

18 

48000 

8500 

41  Cutoff  Volts,  —12 

12AV7 
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RCA 

Type 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Voits 

Amperes 

12AX4- 

GT 

12AX4- 

Half-Wave  Rectifier 

13D 

13D 

4CG 

12.6 

12.6 

0.6 

0.6 

Television  Damper  Service 

GTA 

12AX7 

High-Mu  Twin-Inode 

GB 

9A 

6.3 

12.6 

0.3 

0.15 

Each  Unit  as  Class  A  Amplifier 

12AZ7 

High-Mu  Twin-Triade 

6B 

9A 

6.3 

12.6 

0.45 

0.225 

Each  Unit  as  Class  A  Amplifier 

12B8GT 

High-Mu  Triods— Remote-Cutoff 
Pentode 

- 

81 

12.6 

0.3 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

12BA7 

Pentagrid  Converter 

6E 

8CT 

12.6 

0.15 

Converter 

12BD6 

Remote-Cutoff  Pentode 

5C 

7BK 

12.6 

0.15 

Class  A  Amplifier 

12BF6 

Twin  Diode— -Medium-Mu  Triode 

5C 

7BT 

12.6 

0.15 

Triode  Unit  as  Class  A  Amplifier 

12BH7 

Medium-Mu  Twin  Triode 

6E 

3A 

6.3 

12.6 

0.6 

0.3 

Vertical  Deflection  Amplifier 

12BK5 

Beam  Power  Tube 

6E 

98  a 

12.6 

0.6 

Class  A  Amplifier 

12BL6 

Remote-Cutoff  Pentode 

5C 

7BK 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6V 

Class  A  Amplifier 

12BR7 

Twin  Diode— High-Mu  Triode 

3B 

9CF 

6.3 

12.6 

0.45 

0.225 

Triode  Unit  as  Class  A  Amplifier 

12BV7 

Sharp-Cutoff  Pentode 

6E 

9BF 

6.3 

12.6 

0.6 

0.3 

Class  A  Amplifier 

12BW4 

Full-Wave  Rectifier 

6E 

9DJ 

6.3 

With  Capactive  Input  Filter 

With  Inductive  Input  Filter 

12BY7 

Sharp-Cutoff  Pentode 

0E 

9BF 

6.3 

12.6 

0.6 

0.3 

Class  A  Amplifier 

I2C8 

Twin  Diode— Semiremote-Cutoff 
Pentode 

3 

8E 

12.6 

0.15 

Pentode  Unit  as  RF  Amplifier 

12GN5 

Remote-Cutoff  Pentode 

3D 

7CV 

10.0 

to 

15.9 

0.45 
approx, 
at  12.6V 

Class  A  Amplifier 

12CT8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

6E 

9DA 

12.6 

0.3 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

12CX6 

Remote-Cutoff  Pentode 

5C 

7BX 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6V 

Class  A  Amplifier 

12DE8 

Diode— Remote-Cutoff  Pentode 

SB 

9HG 

10.0 

to 

15.9 

0.2 

approx, 
at  12,6V 

Pentode  Unit  as  Class  A 
Amplifier 

12DK7 

Twin  Diode— Power  Tetrode 

6£ 

9HZ 

10.0 

to 

15.9 

0.5 

approx, 
at  12.6V 

Tetrode  Unit  as  Class  A 
Amplifier 

12DL8 

Twin  Diode— Power  Tetrode 

6E 

9HR 

10.0 

to 

15.9 

0.55 
approx, 
at  12.6V 

Tetrode  Unit  as  Class  A 
Amplifier 

12DM4 

12DM4A 

Half-Wave  Rectifier 

13F 

13G 

4CG 

12.6 

0.6 

Television  Damper  Service 

12DG6A 

Beam  Power  Tube 

20 

SAM 

12.6 

0.6 

Horizontal  Deflection  Amplifier 

12DQ7 

Power  Pentode 

6E 

9BF 

6.3 

12.5 

0.6 

0.3 

Class  A  Amplifier 

12DS7 

12DS7A 

Twin  Diode— Power  Tetrode 

6E 

6E 

9JU 

10.0 

to 

15.9 

0.4 

approx, 
at  12.6V 

Tetrode  Unit  as  Class  A 
Amplifier 

Didoe  Units 

RCA  Types  for  Replacement  Use 
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Power 

Grid  Bias 
or 

Cathode 
Plate  Resistor 

Volts 

Screen 

Grid 

Volts 

Screen 

Grid 

Cur¬ 

rent 

mA 

Plate 

Cur¬ 

rent 

mA 

AC  Plate 
Resist¬ 
ance 

Ohms 

Trans-  Ampiifi- 

conduct-  cation 
ance  Factor  Load 

Micromhos  Ohms 

Out¬ 

put 

Watts 

RCA 

Type 

Max.  Peak  Inverse  Plate  Volts,  4400 

Max.  Peak  Plate  mA,  750 

Max.  DC  Plate  mA,  125 

Max.  Peak  Heater-Cathode  Volts:|  _|_3qq° 
DC  component  must  not  exceed  900  volts 

12.AX4- 

GT 

12AX4- 

GTA 

100  —  IV 

250  —  2V 

_ 

- . 

0.5 

1.2 

80000 

62500 

1250  100  - 

1600  100  — 

— 

12AX7 

100  270D 

250  2000 

— 

— 

3.7 

10.0 

15000 

10900 

4000  60  - 

5500  60  - 

- - 

12AZ7 

90  OV 

— . 

— 

2.8 

37000 

2400  90  - 

— 

12B8GT 

90  —  3V 

90 

2 

7 

200000 

1800  -  - 

— 

For  other  characteristics,  refer  to  Type  6BA7 

12BA7 

For  other  characteristics,  refer  to  Type  6BD6 

12BB6 

250  —  9V 

— 

— 

9.5 

8500 

-tann  ic  Power  Output, 

1900  300  milliwatts 

12BF6 

Max.  DC  Plate  Volts,  450 

Max.  DC  Plate  mA,  20 

Absolute  Max.  Peak  Positive-Pulse  Plate  Volts,  1500 

Max.  Plate  Dissipation  (Each  Unit),  3.5  watts 

12BH7 

250  -  5V 

250 

3.5 

35 

100000 

8500  -  6500 

3.5 

12BK5 

Grid-No.  1 

12.6  Supply 

Volts,  0 

12.6 

0.5 

1.35 

500000 

Grid-No.  1  and  Grid-No.  3  Volts 
1350  for  transcond.  Qf  10 

micromhos,  —5 

12BL6 

100  2700 

250  2000 

ZZ 

— 

3.7 

10 

15000 

10900 

4000  60  - 

5500  60  - 

— 

12BR7 

250  680 

250  —  8V 

150 

180 

6 

27 

0.5 

85000 

13000  - 

— 

12BV7 

For  other  characteristics,  refer  to  6BW4 

12BW4 

250  1000 

180 

5.75 

26 

93000 

nooo  -  - 

— 

12BY7 

250  —  3V 

125 

2.3 

10 

600000 

1325  -  - 

— 

12C8 

12.6  - 

12.6 

3.5 

4.5 

40000 

™nn  /Grid-No.  1  Supply  Volts,  0  1 

Jauu  (Grid-No.  1  Res.,  2.2  megohms ( 

12CN5 

150  1500 

— 

— 

9 

8200 

4900  40  - 

— 

'  12CT8 

200  820 

125 

3.4 

15 

150000 

7000  -  - 

— 

Grid-No.  1 
12.6  Supply 

Volts,  0 

12.6 

1.4 

3 

40000 

Grid-No.  1  Volts  for  Plate 
3100  Current  of  10  juA,  —4.5 

120X8 

12.6 

12.6 

0.5 

1.3 

300000 

1t-nn  Grid  No.  1  Supply  Volts,  0 

15UU  Grid-No.  1  Res.,  2.2  megohms 

12BE8 

12.6  - 

12.6 

1 

6 

4000 

5000  - -  3500 

0.010 

12DK7 

Grid-No.  2  (Control  Grid)  Volts,  —0.5 
,0  e  (across  2.2  megohm  resistor) 

14. b  Grid-No.  1  (Space-Charge  Grid)  Volts,  12.6 

Transcond.  (Grid-No.  2  to  Plate),  15000  /umhos 

Ampl.  Factor  (Grid-No.  2  to  Plate)  7.2 

Grid-No.  1  mA,  75  Plate  mA,  40 

Plate  Resistance,  480  ohms 

12DL8 

For  other  characteristics,  refer  to  Type  6DM4 

12DM4 

12DM4A 

Max.  DC  Plate  Volts,  700 

Max.  DC  Cathode  mA,  140 

Max.  Peak  Positive-Pulse  Plate  Volts,  6000  (Abs.) 
Max.  Plate  Dissipation,  15  watts 

12DQ6A 

200  680 

125 

5.6 

26 

53000 

10500  —  — 

— * 

12BG7 

12.6  12.6V 

-0.5 

(across 

2.2 

megohm 

resistor) 

75 

(Grid- 
No.  1) 

35 

500 

19000  9.1 

(Grid-  (Grid- 

No.  2  No.  2 

to  Plate)  to  Plate) 

— 

12BS7 

12DS7A 

Diode  Plate  mA,  with  10  Volts  Applied,  3  mA 


T 
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RCA  Receiving  Tube  Manual 


RCA 

Type 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

12007 

Twin  DiGde— Power  Tetrode 

6B 

9JX 

10.0 

to 

15.9 

0.25 
approx, 
at  12.6V 

Tetrode  Unit  as  Class  A 
Amplifier 

12DV8 

Twin  Diode— Power  Tetrode 

6E 

9HR 

10.0 

to 

15.9 

0.375 
approx, 
at  12.6V 

Class  A  Amplifier 

12DW7 

Dual  Triode 

6B 

9A 

12.6 

6.3 

0.15 

0.3 

Unit  No.  1  as  Class  A  Amplifier 
Unit  No.  2  as  Class  A  Amplifier 

12DY8 

Medium-Mu  Triode— 
Remote-Cutoff  Tetrode 

6B 

9JO 

10.0 

to 

15.9 

0.35 
approx, 
at  12.6V 

Triode  Unit  as  Class  A  Amplifier 

Tetrode  Unit  as  Signal  Seeker 
Relay 

12DZ6 

Remote-Cutoff  Pentode 

5G 

7BK 

10.0 

to 

15.9 

0.19 
approx, 
at  12.6V 

Class  A  Amplifier 

12EA6 

Remote-Cutoff  Pentode 

5C 

7BK 

10.0 

to 

15.9 

0.19 
approx, 
at  12.6V 

Class  A  Amplifier 

12EC8 

Medium-Mu  Triode— 
Semiremote-Cutoff  Pentode 

m 

SFA 

10.0 

to 

15.9 

0.225 
approx, 
at  12.6V 

Triode  Unit  as  Class  A  Amplifier 

Pentode  Unit  as  Class  A 
Amplifier 

12ED5 

Beam  Power  Tube 

SD 

7CV 

12.6 

0.45 

Class  A  Amplifier 

12EG6 

Pentagrid  Amplifier 

50 

7CH 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6V 

Class  A  Amplifier 

12EK6 

Remote-Cutoff  Pentode 

5G 

7BK 

10.0 

to 

15.9 

0.19 
approx, 
at  12.6V 

Class  A  Amplifier 

12EL6 

Twin  Diode— High-Mu  Triode 

5C 

7  PE 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6V 

Class  A  Amplifier 

12EM6 

Diode— Power  Tetrode 

6E 

9HV 

10.0 

to 

15.9 

0.5 

approx, 
at  12.6V 

Class  A  Amplifier 

12EN6 

Beam  Power  Tube 

13D 

7AC 

12.6 

0.6 

Vertical  Deflection  Amplifier 

12F5GT 

High-Mu  Triode 

14A 

5M 

12.6 

0.15 

Amplifier 

12F8 

Twin  Diode— Remote-Cutoff 
Pentode 

6B 

SFH 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6V 

Pentode  Unit  as  Class  A 
Amplifier 

12FK6 

Twin  Diode— Low-Mu  Triode 

SC 

7BT 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6  V 

Triode  Unit  as  Class  A  Amplifier 

12FM6 

Twin  Diode— Medium-Mu  Triode 

5C 

7BT 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6V 

Triode  Unit  as  Class  A  Amplifier 

12FR8 

Diode— Medium-Mu  Triode 
Remote-Cutoff  Pentode 

OK 

mi 

12.6 

0.32 

Triode  Unit  as  Class  A  Amplifier 

12FV7 

Medium-Mu  Twin  Triode 

6E 

9A 

6.3 

12,6 

0.9 

0.45 

Each  Unit  as  Class  A  Amplifier 

12FX8 

Medium-Mu  Triode— Pentagrid 
Converter 

6D 

SKV 

10.0 

to 

15.9 

0.3 

approx, 
at  12.6V 

Triode  Unit  as  Class  A  Amplifier 

Pentagrid  Unit  as  Converter 

12FX8A 

Medium-Mu  Triode-Pentagrid 
Converter 

6D 

9KV 

10.0 

to 

15.9 

0.27 
approx, 
at  12.6V 

Triode  Unit  as  Class  A  Amplifier 
Pentagrid  Unit  as  Converter 

12GA6 

Pentagrid  Converter 

50 

7CH 

10.0 

to 

15.9 

0.15 
approx, 
at  12.6V 

Converter 

12GC6 

Beam  Power  Tube 

20 

8JX 

12.6 

0.6 

Horizontal  Deflection  Amplifier 

12GJ5 

Beam  Power  Tube 

ISA 

9QK 

12.6 

0.6 

Horizontal  Deflection  Amplifier 

RCA  Types  for  Replacement  Use 
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Power 


Grid  Bias 

Screen 

or 

Grid 

Plate 

AC  Plate 

Trans- 

Amplifi* 

w'::. 

RCA 

Cathode 

Screen 

Cur¬ 

Cur¬ 

Resist¬ 

conduct¬ 

cation 

Out¬ 

mis 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Factor 

load 

put 

Type 

Volts 

Volts 

mA 

mA 

Ohms 

Micromhos 

Ohms 

Watts 

12.6  - - 

12.6 

1.5 

12 

6000 

6200 

—  2700  0.025 

120U7 

Grid-No.  2  (Control  Grid)  Resistor,  4.7  megohms 
Grid-No.  1  (Space-Charge  Grid)  Volts,  12.6 
Transcond.  (Grid-No.  2  to  Plate),  8500  /*mhos 

Ampl.  Factor  (Grid-No.  2  to  Plate)  7.6 

Grid-No.  1  mA,  53  Plate  mA,  9 

Plate  Resistance,  900  ohms 

12DV8 

250  -  2 V 

■  - 

— 

1.2 

62500 

— 

100  -  - 

12DW7 

250  —  8.5V 

— 

— 

10.5 

7700 

2200 

17  -  - 

12.6  - 

- — 

— - 

1.2 

10000 

2000 

20  -  - 

12DY8 

10  - 

10 

- - 

5  min. 

Grid  No. 

1  resistor  10  megohms.  Plate  Load  700  ohms 

15  —  6V 

15 

— 

3  max. 

— 

— 

-  Plate  Load  700  ohms 

Grid-No. 1 
12.6  Supply 

Volts,  0 

12.6 

2.2 

4.5 

25000 

3800 

-  - -  - . 

12DZ6 

12,6  - 

12.6 

1.4 

3.2 

32000 

3800 

[Grid-No.  1  Supply  Volts,  0  1 

{Grid-No.  1  Res.,  10  megohms [ 

12EA6 

„  47000 

1Zb  (Grid  Res.) 

— 

— 

2.4 

6000 

4700 

25  -  - 

12  ECS 

12.6  - 

12.6 

0.28 

0.66 

750000 

2000 

Grid  No.  1  Res.,  33000  ohms 

1.25  —  4  5V 

125 

7 

37 

14000 

8500 

4500  1.5 

12E05 

12.6  -  0.6Vf 

12.6 

2.8 

.55 

150000 

8001 

{Between  Grid  No.  3  &  Plate 
f Bias  voltage  across  res. 

2.2  megohms 

12EQ6 

12.6  - 

12.6 

1.7 

4 

50000 

4200 

Grid-No.  1  Supply  Volts,  0 
Grid-No.  1  Res.  (Bypassed), 

2.2  megohms 

12EK6 

12.6  OV 

— 

— 

0.75 

45000 

1200 

55  -  - - 

12EL6 

.  12.6  - 

12.6 

1 

6 

4000 

5000 

Grid-No.  1  Res.,  2.2  megohms 

12EM6 

Max.  Peak  Pos.-Pulse  Volts,  1200 

Max.  Peak  Neg.-Pulse  Grid  Volts,  250 
Max,  Peak  Cathode  mA,  175 

Max.  Plate  Dissipation,  7  watts 

Max.  DC  Plate  Volts,  300 

12EN6 

For  other  characteristics,  refer  to  Type  6F5GT 

12F5GT 

12.6  OV 

12.6 

0.38 

1 

330000 

1000 

Grid-No.  1  Volts  for  trans¬ 
cond.  of  10  micromhos,  —5 

12F8 

Grid  Supply  Volts,  0 
12.6  Grid  Res.  (Bypassed), 

2.2  megohms 

1.3 

6200 

1200 

7.4  —  - 

12FK6 

12.6  OV 

— 

1 

7700 

1300 

10  -  — 

12FM6 

12.6  —0.8V 

12.6 

0.7 

1.9 

400000 

2700 

-  -  - 

12FR8 

100  —  2V 

— 

— 

16 

2250 

9600 

21.5  -  — 

12FV7 

12.6  - 

— 

— 

1.3 

7150 

1400 

tfl  Grid  Res., 

-u  2.2  megohms 

■  12FX8 

12.6  - 

12.6 

1.25 

0.29 

500000 

Grid  No.  3  Res.,  2.2  megohms 
Conversion  Transcond.,  300  /tmhos 

12.6  —  0.8 

— 

— 

1,3 

7150 

1400 

10  -  - 

12FX8A 

12.6  —  0.5 

12.6 

1.25 

0.29 

500000 

Grid  No.  3  Res.,  2.2  megohms 
Conversion  Transcond.,  300  n mhos 

12.6  1.6V 

12.6 

0.8 

0.3 

,  M  Grid  No.  1  Res.,  33000  ohms 

1  v  Conversion.  Transcond.,  140  /umhos 

12GA6 

Max.  DC  Plate  Volts,  770 

Max.  DC  Cathode  mA,  175 

Max.  Peak  Positive-Pulse  Plate  Volts,  6500 
Max.  Plate  Dissipation  17.5  watts 

12GC6 

For  other  characteristics,  refer  to  Type  6GJ5 

12GJ5 
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RCA 

Basing 

Heater  or 

Use 

Name 

Out- 

Dia- 

Filament  (F) 

Values  to  right  give  operat- 

Type 

fine 

gram 

ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

12GT5A 

Beam  Power  Tube 

17B 

31 A 

9NZ 

12.6 

0.6 

Horizontal  Deflection  Amplifier 

1 2H6 

Twin  Diode 

29B 

7ft 

12.6 

0.15 

Voltage  Doubler 

Half-Wave  Rectifier 

12J5GT 

Medium-Mu  Triode 

13D 

SQ 

12.6 

0.15 

Amplifier 

12J7GT 

Sharp-Cutoff  Pentode 

14A 

7R 

12.6 

0.15 

Amplifier 

12J8 

Twin  Diode-Power  Tetrode 

SB 

9GC 

10.0 

to 

15.9 

0.325 
approx, 
at  12.6V 

Tetrode  Unit  as  Class  A 
Amplifier 

12K5 

Power  Tetrode 

SD 

7EK 

10.0 

to 

0.4 

approx. 

Class  A  Amplifier 

15.9 

at  12.6V 

12K7GT 

Remote-Cutoff  Pentode 

14A 

7R 

12.6 

0.15 

Amplifier 

12K8 

Triode-Hexode  Converter 

3 

8K 

12.6 

0.15 

Oscillator  Mixer 

12KL8 

Diode— Sharp-Cutoff  Pentode 

6E 

9101 

12.6 

0.15 

Pentode  Unit  as  Class  A 
Amplifier 

12L6GT 

Beam  Power  Tube 

13D 

7AC 

12.6 

0.6 

Class  A  Amplifier 

12Q7GT 

Twin  Diode— High-Mu  Triode 

14A 

7V 

12.6 

0.15 

Triode  Unit  as  Amplifier 

1285 

Beam  Power  Tube 

5D 

7DV 

12.6 

0.6 

Vertical  Deflection  Amplifier 

12S8GT 

Triple  Diode— High-Mu  Triode 

14B 

8CB 

12.6 

0.15 

Triode  Unit  as  Class  A  Amplifier 

12SA7 

2A 

13D 

8R 

BAD 

12SA7 

GT 

Pentagrid  Converter 

12.6 

0.15 

Converter 

12SC7 

High-Mu  Twin  Triode 

2A 

8S 

12.6 

0.15 

Each  Unit  as  Class  A  Amplifier 

12SF5 

2A 

13D 

SAB 

SAB 

12SF5 

High-Mu  Triode 

12.6 

0.15 

Class  A  Amplifier 

GT 

12SF7 

Diode— Remote-Cutoff  Pentode 

2A 

7AZ 

12.6 

0.15 

Pentode  Unit  as  Amplifier 

12SG7 

Semiremote-Cutoff  Pentode 

2A 

8BK 

12.6 

0.15 

Class  A  Amplifier 

12SH7 

Remote-Cutoff  Pentode 

3 

8BK 

12.6 

0.15 

Class  A  Amplifier 

12SJ7 

2A 

13D 

8N 

8N 

I2SJ7 

GT 

Sharp-Cutoff  Pentode 

12.6 

0.15 

Class  A  Amplifier 

12SK7 

2A 

13D 

8N 

8N 

12SK7 

Remote-Cutoff  Pentode 

12.6 

0.15 

Class  A  Amplifier 

GT 

12SN7 

GT 

Medium-Mu  Twin  Triode 

13D 

8BD 

12.6 

0.3 

Each  Unit  as  Class  A  Amplifier 

12SQ7 

2A 

13D 

8G 

8Q 

12SG7 

Twin  Diode— High-Mu  Triode 

12.6 

0.15 

Triode  Unit  as  Class  A  Amplifier 

GT 

12SR7 

12SR7 

Twin  Diode— Medium-Mu  Triode 

2A 

13D 

8Q 

8Q 

12.6 

0.15 

Triode  Unit  as  Class  A  Amplifier 

GT 

10.0 

0.15 

12117 

Medium-Mu  Twin  Triode 

SB 

7CK 

to 

approx. 

Each  Unit  as  Class  A  Amplifier 

15.9 

at  12.6V 

12Z3 

Half-Wave  Rectifier 

22 

4G 

12.6 

0.3 

With  Capacitive-Input  Filter 

14A4 

Medium-Mu  Triode 

12B 

5AC 

12.6 

0.15 

Class  A  Amplifier 

RCA  Types  for  Replacement  Use 
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Grid  Bias 
or 

Screen 

Grid 

Plate 

AC  Plate 

Trans- 

Cathode 

Screen 

Cur¬ 

Cur¬ 

Resist¬ 

conduct¬ 

Resistor 

Grid 

rent 

rent 

ance 

ance 

Volts 

mA 

mA 

Ohms 

Micromhos 

Out¬ 

Load 

put 

Ohms 

Watts 

Diax  DC  Plate  Volts.  770  '  Max.  Peak  Positive-Pulse  Plate  Volts,  6500  iootc/i 

Max'.  bC  Cathode  mA.  175  _ .  Max.  Plate  Dissipation,  17,5  watts  _ 

Max.  AC  Supply  Volts  per  Plate  (RMS),  117  Max.  DC  Output  mA,  8.  min. 

Min.  Total  Effect.  Plate-Supply  Imped,  per  Plate:  half-wave  30  ohms;  full  wave *15  ohms  _  12H6 

Max.  AC  Plate  Volts  (RMS),  150  Min.  Total  Effective  1 Plate-Supply  mpedance:  up 

Max.  DC  Output  mA,  8  per  Plate  • _ to  117  volts,  15  ohms;  at  150  volts,  40  ohms  . 

~~  For  other  characteristics,  refer  to  Type  6J5GT _ _____ _ 1 2J5GT 

For  other  characteristics,  refer  to  Type  6J7GT  12J7GT 


DC  Plate  Volts,  12.6  Grid-No.  2  (Control  Grid)  Volts,  —.5  Plate  Resistance,  480  ohms 

Grid-No.  1  (Space-  Charge  Grid)  Volts,  12.6  Amplification  Factor,  Grid-No.  2  to  Plate,  7.2 

DC  Plate  mA,  40  Grid-No.  1  mA,  75 _ Transcend.,  Grid-No.  2  to  Plate,  15000  gmhos 

For  other  characteristics,  refer  to  Type  6K7GT  _ 

For  other  characteristics,  refer  to  Type  6K8  _ _ 

For  other  characteristics,  see  Type  6KL8 


For  other  characteristics,  refer  to  Type  6Q7GT 


Max.  DC  Plate  Volts,  150 
Max.  Peak  Cathode  mA,  155 
Max.  Plate  Dissipation,  4.5  watts 

~250  —  2V  -  — 


Max.  Peak  Neg.-Pulse  Grid-No.  1  Volts,  150 

Max.  Grid-No.  2  Volts,  150 

Max.  Peak  Positive-Pulse  Plate  Volts,  1500  (Abs.) 


For  other  characteristics,  refer  to  Type  6SA7 


For  other  characteristics,  refer  to  Type  6SC7 


For  other  characteristics,  refer  to  Type  6SF5 


For  other  characteristics,  refer  to  Type  6SF7 
For  other  characteristics,  refer  to  Type  6SG7 
For  other  characteristics,  refer  to  Type  6SH7 

For  other  characteristics,  refer  to  Type  6SJ7 
For  other  characteristics,  refer  to  Type  6SK7 
For  other  characteristics,  refer  to  Type  6J5 
For  other  characteristics,  refer  to  Type  6SG7 

For  other  characteristics,  refer  to  Type  6SR7 


_ Max.  DC  Output  mA,55 _ 

For  other  characteristics,  refer  to  Type  6J5 
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RCA  Receiving  Tube  Manual 


RCA 

Type 

$ame 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

14A5 

Beam  Power  Tube 

12B 

6AA 

12.6 

0.15 

Class  A  Amplifier 

14A7 

Remote-Cutoff  Pentode 

12B 

8V 

12.6 

0.15 

Class  A  Amplifier 

14AF7 

Medium-Mu  Twin-Triode 

12B 

8AC 

12.6 

0.15 

Each  Unit  as  Class  A  Amplifier 

14B6 

Twin  Diode— High-Mu  Triode 

12B 

8W 

12.6 

0.15 

Triode  Unit  as  Class  A  Amplifier 

14B8 

Pentagrid  Converter 

128 

8X 

12.6 

0.15 

Converter 

14C5 

Beam  Power  Tube 

12C 

6AA 

12.6 

0.225 

Class  A  Amplifier 

14C7 

Sharp-Cutoff  Pentode 

12B 

8V 

12.6 

0.15 

Class  A  Amplifier 

14E6 

Twin  Diode— Medium-Mu  Triode 

12B 

8W 

12.6 

0.15 

Triode  Unit  as  Class  A  Amplifier 

14E7 

Twin  Diode— Remote-Cutoff 
Pentode 

12B 

8AE 

12.6 

0.15 

Pentode  Unit  as  Class  A 
Amplifier 

14F7 

High-Mu  Twin  Triode 

12B 

SAC 

12.6 

0.15 

Each  Unit  as  Class  A  Amplifier 

14F8 

Medium-Mu  Twin  Triode 

12A 

8BW 

12.6 

0.15 

Each  Unit  as  Class  A  Amplifier 

14H7 

Semiremote-Cutoff  Pentode 

12B 

8V 

12.6 

0.15 

Class  A  Amplifier 

14J7 

Triode-Heptode  Converter 

12B 

8BL 

12.6 

0.15 

Converter 

14N7 

Medium-Mu  Twin  Triode 

12C 

8AC 

12.6 

0.3 

Each  Unit  as  Class  A  Amplifier 

1467 

Pentagrid  Converter 

12B 

SAL 

12.6 

0.15 

Converter 

14R7 

Twin  Diode— Remote-Cutoff 
Pentode 

12B 

8AE 

12.6 

0.15 

Pentode  Unit  as  Class  A 
Amplifier 

15 

Sharp-Cutoff  Pentode 

24B 

5F 

2.0 

0.22 

Class  A  Amplifier 

17AX4 

GT 

Half-Wave  Rectifier 

13D 

4CG 

16.8 

0.45 

Television  Damper  Service 

17DM4 

Half-Wave  Rectifier 

136 

4CG 

16.8 

0.45 

Television  Damper  Service 

17DG6A 

Beam  Power  Tube 

20 

6AM 

16.8 

0.45 

Horizontal  Deflection  Amplifier 

176J5 

Novar-Beam  Power  Tube 

18A 

8QK 

16.8 

0.45 

Horizontal  Deflection  Amplifier 

17H3 

Half-Wave  Rectifier 

6E 

9FK 

17.5 

0.3 

Television  Damper  Service 

17JG6 

Beam  Power  Tube 

17B 

9QU 

16.8 

0.6 

Horizontal  Deflection  Amplifier 

17LD8 

Medium-Mu  Triode— Sharp-Cutoff 
Pentode 

IGF 

9QT 

16.8 

0.45 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

18A5 

Beam  Power  Tube 

13F 

6CK 

18.5 

0.3 

Horizontal  Deflection  Amplifier 

18FW6 

Remote-Cutoff  Pentode 

50 

7CC 

7CC 

18.0 

18.0 

0.1 

0.1 

Class  A  Amplifier 

18FX6 

Pentagrid  Converter 

5C 

7CH 

7CH 

18.0 

18.0 

0.1 

0.1 

Converter 

18FY6 

Twin  Diode— High-Mu  Triode 

5C 

7BT 

7BT 

18.0 

18.0 

0.1 

0.1 

Triode  Unit  as  Class  A  Amplifier 

19 

High-Mu  Twin  Power  Triode 

22  or 
13H 

60 

2.0  F 

0.26 

Amplifier 

19AU4 

GTA 

Half-Wave  Rectifier 

m 

4CS 

18.9 

0.6 

Television  Damper  Service 

19BG6G 

19BG6 

Beam  Power  Tube 

27B 

5BT 

18.9 

0.3 

Horizontal  Deflection  Amplifier 

GA 

1916 

Medium-Mu  Twin  Triode 

5C 

7BF 

18.9 

0.15 

Each  Unit  as  Class  A  Amplifier 

19T8 

Triple  Diode— Hlgh-Mu  Triode 

— 

9E 

18.9 

0.15 

Triode  Unit  as  Class  A  Amplifier 

20 

Power  Triode 

4D 

3.3F 

0.132 

Class  A  Amplifier 

20EG7 

Diode— Remote-Cutoff  Pentode 

6E 

9LQ 

20.0 

0.1 

Pentode  Unit  as  Class  A 
Amplifier 

21EX6 

Beam  Power  Tube 

21B 

5BT 

21.5 

0.6 

Horizontal  Deflection  Amplifier 

RCA  Types  for  Replacement  Use 
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Plate 

Volts 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Volts 

Screen 

Grid 

Cur¬ 

rent 

mA 

Plate 

Cur¬ 

rent 

mA 

AC  Plate 
Resist¬ 
ance 

Ohms 

Trans- 

conduct¬ 

ance 

Micromhos 

Amplifi¬ 

cation 

Factor 

Load 

Ohms 

Out¬ 

put 

Watts 

RCA 

Type 

250 

-12.5V 

250 

5.5 

32 

70000 

3000 

— 

7500 

2.8 

14A5 

100 

-  xv 

100 

4.0 

13.0 

120000 

2350 

14A7 

250 

—  3V 

100 

2.6 

9.2 

800000 

2000 

Peak  Inverse  Plate  Volts,  4400 
Peak  Plate  mA,  750 
DC  Plate  mA,  125 


For  other  characteristics,  refer  to  Type  7AF7 _ ______ 

For  other  characteristics,  refer  to  Type  6SQ7 _ _____ 

For  other  characteristics,  refer  to  Type  6A8 _ 

2,2  34iT  80000  3750  -  85 

For  other  characteristics,  refer  to  Type  6SJ7 

For  other  characteristics,  refer  to  Type  6BF6 _ 

DO  1.6  7.5  700000  1300  — -  — 

For  other  characteristics,  refer  to  Type  6SL7GT _ 

—  — -  6.0  —  3300  48  — 

For  other  characteristics,  refer  to  Type  7H7 _ ___ 

For  other  characteristics,  refer  to  Type  7J7 _ _____ 

For  other  characteristics,  refer  to  Type  6SN7GT _ 

For  other  characteristics,  refer  to  Type  6SA7 
For  other  characteristics,  refer  to  Type  7R7 
67.5  0,3  1.35  800000  750  -  — 

Volts,  4400  Max.  Peak  Heater-Cathode  Volts:  f  —4000 

[  +300 

DC  component  must  not  exceed  900  volts 


For  other  ratings,  refer  to  Type  6DM4 _ 

DC  Plate  Volts,  700  Max.  Peak  Positive-Pulse  Plate  Volts,  6000  (Abs.) 

!  DC  Cathode  mA,  140  _ Max.  Plate  Dissipation,  15  watts  _ 

For  other  ratings,  refer  to  Type  6GJ5 _ _ 

Peak  Inverse  Plate  Volts,  2000  Max?  Average  Plate  mA,  75  “ 

Peak  Plate  mA,  450  _ Max.  Plate  Dissipation,  3  watts 

For  other  characteristics,  refer  to  Type  171G6A 


Max.  Average  Plate  mA,  75 
Max.  Plate  Dissipation,  3  watts 


DC  Plate  Volts,  350 
DC  Cathode  mA,  90 


Max.  Peak  Pos.-Pulse  Plate  Volts,  3000 
Max,  Plate  Dissipation,  9  watts _ 


0  4.4  11  250000  4400  - 

0  6.2  2.3  400000 

„  -  0.6  77000  1300  100 

For  other  characteristics,  refer  to  Type  1J6GT 
For  other  ratings,  refer  to  Type  6AU4GTA 


Grid  No.  1  Resistor,  20000  ohms 
Conversion  Transcond.,  480  /imhos 


Max.  DC  Plate  Volts,  700 
Max.  DC  Plate  Current,  110  mA. 


Max.  Peak  Positive-Pulse  Plate  Volts,  6600  (Abs.) 
Max,  Plate  Dissipation,  20  watts 


500  (For  both  units  at  o  c  7inn  5300  38 

the  specified  conditions)  8  b  /1UU 

For  other  characteristics,  refer  to  Type  6T8A 
—22.5  V  ZL.  -  6.5  6300  525  3.3 

For  other  characteristics,  refer  to  Type  6EQ7 
For  other  ratings,  refer  to  Type  6EX6 


6500  0.110 
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m 

Type 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

22 

Sharp-Cutoff  Tetrode 

29  K 

4K 

3.3F 

0.132 

Screen-Grid  RF  Amplifier 

22JG6 

Beam  Power  Tube 

17B 

9QU 

22 

0.45 

Horizontal  Deflection  Amplifier 

24A 

Sharp-Cutoff  Tetrode 

29K 

5E 

2,5 

1.75 

Screen-Grid  RF  Amplifier 

25A6 

25A6GT 

Power  Pentode 

2B 

13D 

7$ 

7$ 

25.0 

0.3 

Class  A  Amplifier 

25A7GT 

Rectifier-Power  Pentode 

13D 

8F 

25.0 

0.3 

Pentode  Unit  as  Class  A 
Amplifier 

Half-Wave  Rectifier 

25AC5 

GT 

High-Mu  Power  Triode 

13D 

G0 

25.0 

0.3 

Amplifier 

25B5 

Direct-Coupled  Power  Amplifier 

60 

25.0 

0.3 

Amplifier 

25B6G 

Power  Pentode 

25 

7$ 

25.0 

0.3 

Class  A  Amplifier 

25B8GT 

High-Mu  Triode— Remote-Cutoff 
Pentode 

13D 

8T 

25.0 

0.15 

Triode  Unit  as  Class  A  Amplifier 
Pentode  Unit  as  Class  A 
Amplifier 

25BK5 

Beam  Power  Tube 

6E 

9B0 

25 

0.3 

Class  A  Amplifier 

25BQ6 

GT 

Beam  Power  Tube 

14D 

GAM 

25.0 

0.3 

Horizontal  Deflection  Amplifier 

25C6G 

Beam  Power  Tube 

25 

7AC 

25.0 

0.3 

Class  A  Amplifier 

25CD6 

GA 

Beam  Power  Tube 

21 B 

5BT 

5BT 

25 

25 

0.6 

Horizontal  Deflection  Amplifier 

25EC6 

Beam  Power  Tube 

21 A 

5BT 

25.0 

0.6 

Horizontal  Deflection  Amplifier 

25L6 

Beam  Power  Tube 

2B 

7AC 

25.0 

0.3 

Amplifier 

25L6GT 

Beam  Power  Tube 

13D 

7AC 

25.0 

0.3 

Amplifier 

25N6G 

Direct-Coupled  Power  Amplifier 

- 

7W 

25.0 

0.3 

Class  A  Amplifier 

25W40T 

Half-Wave  Rectifier 

13D 

4CG 

25.0 

0.3 

Television  Damper  Service 

25Y5 

Rectifier-Doubler 

22  or 
13H 

6E 

25.0 

0.3 

Half-Wave  Rectifier 

25Z5 

Rectifier-Doubler 

22  or 
13H 

SE 

25.0 

0.3 

Rectifier-Doubler 

25Z6 

Rectifier-Doubler 

2B 

70 

25.0 

0.3 

Voltage  Doubler 

25Z6GT 

13B 

70 

25.0 

0.3 

Half-Wave  Rectifier 

26 

Medium-Mu  Triode 

26 

4D 

1.5F 

1.05 

Class  A  Amplifier 

27 

Low-Mu  Triode 

22  or 
13H 

5A 

2.5 

1.75 

Class  A  Amplifier 

3° 

Medium-Mu  Triode 

22  or 
13H 

4D 

2.0  F 

0.06 

Amplifier 

31 

Power  Triode 

22  or 
13H 

4D 

2.0F 

0.13 

Class  A  Amplifier 

32 

Sharp-Cutoff  Tetrode 

29K 

4K 

2.0F 

0.06 

Class  A  Amplifier 

32ET5 

Power  Pentode 

5D 

7CV 

32.0 

0.1 

Class  A  Amplifier 

Class  A  Amplifier 

32L7GT 

Rectier—  Beam  Power  Tube 

14A 

82 

32.5 

0.3 

Half-Wave  Rectifier 

33 

Power  Pentode 

25 

5K 

2.5F 

0.26 

Class  A  Amplifier 

34 

Remote-Cutoff  Pentode 

29K 

4M 

2.0F 

0.06 

Screen-Grid  RF  Amplifier 

RCA  Types  for  Replacement  Use 
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Power 

Plate 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Screen  Cur- 
Grid  rent 

Plate  AC  Plate  Trans*  Ampiifi- 
Cur*  Resist*  conduct-  cation 

rent  ance  ance  Factor 

Load 

Out¬ 

put 

RCA 

Type 

Volts 

Volts  mA 

mA  Ohms  Micromhos 

Ohms 

Watts 

135 

—  1.5V 

67-5  (Max.) 

3.7  325000  500  — - 

— 

- - 

22 

For  other  characteristics,  refer  to  Type  22JG6A 

22JG6 

250 

-  3V 

90  (Max.) 

4.0  600000  1050  — 

— 

— 

24A 

95 

-15V 

95  4 

20  45000  2000  - - 

4500 

0.9 

25A6 

25A6GT 

100 

—15V 

100  4.0 

20.5  50000  1800  - 

4500 

0.77 

25A7 
-  gt 

Max.  AC  Plate  Volts  (RMS),  117 

Max.  DC  Output  mA,  75  Max.Peak  Plate  mA,  450 

no 

+  15V  (Grid  mA,  7) 

15  15200  3800  58 

— 

— 

25AC5 

GT 

For  other  characteristics,  refer  to  Type  25N6G 

25B5 

200 

— 23V 

135  1.8 

62.0  18000  5000  - 

2500 

7.1 

25B6G 

100 

100 

—  IV 

—  3V 

100  2.0 

U-D  /3UUU  13UU  lie 

7.6  185000  2000  - 

— 

— 

"25B8GT 

For  other  characteristics,  refer  to  Type  6BK5 

25BK5 

Max.  DC  Plate  Volts,  600 

Max.  DC  Cathode  mA,  112.5 

Absolute  Max,  Peak  Positive-Pulse  Plate  Volts,  6000  (Abs.) 
Max.  Plate  Dissipation,  11  Watts 

25BQ6 

GT 

For  other  characteristics,  refer  to  Type  6Y6G 

25C6G 

Max.  DC  Plate  Volts,  700 

Max.  DC  Plate  mA,  200 

Max.  Peak  Positive-Plus  Plate  Vols, 
Max.  Plate  Dissipation,  20  Watts 

7000 

25CD6 

GA 

Max.  DC  Plate  Volts,  700 

Max.  DC  Cathode  mA,  200 

Max.  Peak  Positive-Pulse  Plate  Volts,  700  (Abs.) 
Max.  Plate  Dissipation  10  watts. 

25EC6 

110 

200 

—  7.5V 

—  8V 

110  4 

HO  2 

49  13000  9000  - - 

50  30000  9500  — - 

2000 

3000 

2.1 

4.3 

25L6 

For  other  characteristics,  refer  to  Type  50L6GT 

25L6GT 

Output  Triode:  Plate  Volts,  180;  Plate  mA,  46;  Load  4000  ohms  q 

Triode:  Plate  Volts.  100;  Grid  Volts,  0;  A-F  Signal  Volts  (Peak),  29.7;  Plate  mA,  5.8 

3.8 

25N6G 

Max.  Peak  Inverse  Plate  Volts,  3850  (Abs.)  Max.  Peak  Heater-Cathode  Volts:  f  Tonn  (Abs,) 

Max!  D^PIate  mA,  125  DC  Component  must  not  exceed  100  volts 

25W4GT 

Max.  DC  Output  mA  per  Plate,  75 

25Y5 

For  other  ratings,  refer  to  Type  25Z6 

25Z5 

Max.  AC  Volts  per  Plate  (RMS),  117 
Max.  DC  Output  mA,  75 

Min.  Total  Effective  Plate-Supply  Impedance:  Half- 
Wave,  30  ohms;  Full-Wave,  15  ohms 

25Z6 

Max.  AC  Volts  per  Plate  (RMS),  235 
Max.  DC  Output  mA  per  Plate, 75 

Min.  Total  Effect.  Supply  Imped,  per  Plate:  at  117  volts 

15  ohms;  at  150  volts,  48  ohms;  at  235  volts,  100  ohms 

25Z6GI 

180 

—14.5V 

— -  - 

6.2  7300  1150  8.3 

— 

— 

26 

250 

-21V 

■ — - '  ■ 

5.2  9250  975  9.0 

— 

— 

27 

For  other  characteristics,  refer  to  Type  1H4G 

30 

180 

—30  V 

- — - 

12.3  3600  1050  3.8 

5700 

0.375 

31 

180 

(Max.) 

—  3V 

67,5  0.4 

U  1M  650  - - 

"  - 

— 

32 

110 

—  7.5V 

110  2.8 

30  21500  5500  — . 

2800 

1.2 

32ET5 

90 

^  7V 

90  2.0. 

27.0  17000  4800  — 

'  "2600 

1.0 

- - - — ■ 

'  'Maximum 
Maximum 

AC  Pjafp  Voltage . . . .....125  Volts, 

RMS 

mperes 

32L7GT 

DC  Output  Current . ’ . . . 60  MWiai 

180 

— 18V  '  . 

180  5.0 

22.0  55000  1750  . 

6000 

1.4 

33 

180 

—  3V 
min.  , 

67.i  10 

2.8  1 M  620  - -  j 

,  -4  •  x 

— 

34 
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RCA 

Type 

Nam® 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

34GD5 

Beam  Power  Tube 

50 

7CV 

7CV 

34.0 

34.0 

0.1 

0.1 

Class  A  Amplifier 

35 

Remote-Cutoff  Tetrode 

29K 

5E 

2.5 

1.75 

Screen-Grid  RF  Amplifier 

35A5 

Beam  Power  Tube 

12G 

6AA 

35.0 

0.15 

Single-Tube  Class  A  Amplifier 

35B5 

Beam  Power  Tube 

50 

7BZ 

35.0 

0.15 

Class  A  Amplifier 

Triode  Unit  as  Class  A  Amplifier 

35DZ8 

High-Mu  Triode— Power  Pentode 

6H 

9JE 

35.0 

0.15 

Pentode  Unit  as  Class  A 
Amplifier 

35GL6 

Beam  Power  Tube 

50 

7FZ 

35.0 

0.15 

Class  A  Amplifier 

35Y4 

Half-Wave  Rectifier  Heater  Tap 
for  Pilot 

12C 

SAL  35.0  0.15 

Pilot  Between  Pins  1  and  4 

With  Capacitive-Input  Filter 

35Z3 

Half-Wave  Rectifier 

12C 

4Z 

35.0 

0.15 

With  Capacitive-Input  Filter 

35Z4GT 

Half-Wave  Rectifier 

130 

5AA 

35.0 

0.15 

With  Capacitive-Input  Filter 

36 

Sharp-Cutoff  Tetrode 

24B 

5E 

6.3 

0.3 

Screen-Grid  RF  Amplifier 

36  AM  3 

HsBf-Wave  Rectifier 

5D 

5BQ 

36.0 

0.1 

With  Capacitive-Input  Filter 

36AM3A 

Half-Wave  Rectifier 

50 

5BQ 

5BQ 

36.0 

36.0 

0.1 

0.1 

With  Capacitive-Input  Filter 

37 

Medium-Mu  Triode 

22  or 
13H 

5A 

6.3 

0,3 

Class  A  Amplifier 

38 

Power  Pentode 

24B 

5F 

6.3 

0,3 

Class  A  Amplifier 

39/44 

Remote-Cutoff  Pentode 

24B 

5F 

6.3 

0.3 

Class  A  Amplifier 

40 

Medium-Mu  Triode 

26 

40 

5.0F 

0.25 

Class  A  Amplifier 

41 

Power  Pentode 

22  or 
13H 

6B 

6.3 

0.4 

Amplifier 

42 

Power  Pentode 

28 

6B 

6.3 

0.7 

Amplifier 

43 

Power  Pentode 

28 

6B 

25.0 

0.3 

Amplifier 

45 

Power  Triode 

26 

4D 

2.5F 

1.5 

Class  A  Amplifier 

45Z3 

Half-Wave  Rectifier 

5C 

5AM 

45.0 

0.075 

Half-Wave  Rectifier 

45Z5GT 

Half-Wave  Rectifier 

Heater  Tap  for  Pilot 

130 

SAD  45.0  0.15 

Pilot  Between  Pins  2  and  3 

With  Capacitive-Input  Filter 

46 

Dual-Grid  Power  Amplifier 

27  B 

5C 

2.5F 

1.75 

Class  A  Amplifier 

47 

Power  Pentode 

27B 

5B 

2.5F 

1.75 

Class  A  Amplifier 

48 

Power  Tetrode 

27B 

6A 

30.0 

0.4 

Class  A  Amplifier 

49 

Dual-Grid  Power  Amplifier 

26 

5C 

2.0F 

0.12 

Class  A  Amplifier 

50 

Power  Triode 

29L 

4D 

7.5F 

1.25 

Class  A  Amplifier 

56A5 

Beam  Power  Tube 

12C 

BAA 

50.0 

0.15 

Class  A  Amplifier 

50C6G 

Beam  Power  Tube 

25 

7AC 

50.0 

0.15 

Single-Tube  Class  A  Amplifier 

50FE5 

Beam  Power  Tube 

13G 

8KB 

50.0 

0.15 

Class  A  Amplifier 

50FK5 

Power  Pentode 

5D 

7CV 

50.0 

0.1 

Class  A  Amplifier 

50X6 

Rectifier- Doubler 

12C 

70  X 

50.0 

0.15 

Rectifier-Doubler 

50YSGT 

Rectifier-Doubler 

130 

7ft 

50.0 

0.15 

Rectifier-Doubler 

50Y7GT 

Rectifier-Doubler 

Heater  Tap  for  Pilot 

13D 

SAN  50.0  0.15 

Pilot  Between  Pins  6  and  7 

Voltage  Doubler 

Half-Wave  Rectifier 

50Z7G 

Rectifier-Doubler 

Heater  Tap  for  Pilot 

22 

BAN 

50.0 

0.15 

Voltage  Doubler 

Pilot  Between  Pins  6  and  7 

Half-Wave  Rectifier 

53 

High-Mu  Twin  Power  Triode 

26 

7B 

2.5 

2,0 

Amplifier 

EGA  Types  for  Replacement  Use 
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. 

Power 

Plats 

mu 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

grid 

Volts 

Screen 

Grid 

Cur¬ 

rent 

mA 

Plate 

Cur¬ 

rent 

mA 

AC  Plate 
Resist¬ 
ance 

Ohms 

Trans- 

conduct¬ 

ance 

Micromhos 

Amplifi¬ 

cation 

Factor 

Load 

Ohms 

Out¬ 

put 

Watts 

RCA 

Type 

no 

—  7.5V 

110 

3 

35 

13000 

5700 

2500 

1.4 

34GD5 

250 

—  3V 
min. 

90 

2.5* 

6.5 

— 

1050 

— 

— 

- - 

35 

For  other  characteristics,  refer  to  Type  35L6GT 

35A5 

For  other  characteristics,  refer  to  Type  35C5 

35B5 

120 

15000 

_ — 

-  . 

0.8 

— 

1400 

too 

— 

— 

_ 

140 

1800 

120 

6 

45 

— 

7500 

— 

2500 

2.0 

35DZ8 

no 

-  7.5V 

110 

3 

45 

12000 

7500 

— 

2500 

1.8 

35GL6 

For  other  characteristics,  refer  to  Type  35W4  35Y4 


For  other  ratings,  refer  to  Type  35Z5ST  _ 35Z3 


Max.  DC  Output  mA,  100  Min.  Total  Effective  Plate-Supply  Impedance:  Up  to  117  35Z4GT 

_ volts,  15  ohms;  at  235  volts,  100  ohms _ _ _ _ _ 


100 

250 

—  1.5V 

—  3V 

55 

90 

1.7 

1.8 

3.2 

550000 

550000 

850 

1080 

- , 

36 

AC  Plate  Volts  (RMS),  117 
Max.  DC  Output  mA,  82 

Max.  Peak  Inverse  Volts,  365 

Tube  Voltage  Drop  for  Plate  mA,  150,  20  volts 

36AM3 

Max.  AC  Plate  Volts  (RMS), 
Max.  DC  Output  mA,  82 

120 

Max.  Peak  Inverse  Volts,  365 

Tube  Voltage  Drop  for  Plate  mA,  150, 

16  volts 

36AM3A 

250 

—18V 

— 

.  - 

7.5 

8400 

1100  9.2  - 

— 

37 

250 

-25V 

250 

3.8 

22.0 

100000 

1200  -  10000 

2.50 

38 

250 

/  —  3V  Y 
]  min.  J 

90 

1.4 

5.8 

1.0 

1050  -  - 

— 

39/44 

180 

—  3V 

— 

— 

0.2 

150000 

200  30  - 

— 

40 

For  other  characteristics,  refer  to  Type  6K6GT 

41 

For  other  characteristics,  refer  to  Type  6F6G 

42 

For  other  characteristics,  refer  to  Type  25A6 

43 

275 

—56V 

— 

— 

36.0 

1700 

2050  3.5  4600 

2.00 

45 

Max.  Peak  inverse  Volts,  350  Max.  DC  Output  mA,  65  Max.  Peak  Plate  mA,  390 _ 45Z3 


For  other  ratings,  refer  to  Type  35Z56T  45Z5GT 


250 

— 33  V 

-  -  22 

2380 

2350  5.6 

6400 

1.25 

46 

250 

4500 

250  6.0  31 

60000 

2500  - 

7000 

2.7 

47 

125 

—20V 

100  9.5  56 

— 

3900  - 

1500 

2.5 

48 

135 

—20V 

_  -  6.0 

4175 

1125  4.7 

11000 

0.17 

49 

450 

-84V 

-  —  55 

1800 

2100  3.8 

4350 

4.6 

50 

For  other  characteristics,  refer  to  Type  50L6GT 

56A5 

135 

—13.5V 

135  3.5  58 

9300 

7000  - 

2000 

3.6 

50C6G 

200 

—14V 

135  2.2  61 

18300 

7100  - 

2600 

6 

For  other  characteristics,  refer  to  Type  6FE5 

50FE5 

110 

620 

115  8.5  32 

14000 

12800  - 

3000 

1.2 

50FK5 

For  other  ratings,  refer  to  Type  25Z6GT 

50X6 

For  other  ratings,  refer  to  Type  25Z6GT 

50Y6GT 

Max.  AC  Volts  per  Plate  (RMS),  117  Min.  Total  Effective  Plate-Supply  Impedance  per 

Max.  DC  Output  mA,  65 

Plate,  15  ohms 

- 50Y7GT 

Max.  AC  Volts  per  Plate  (RMS).  235  Min.  Total  Effec.  Plate-Supply  Imped,  per  Plate:  At  117 

Max.  DC  Output  mA  per  Plate,  65  volts,  15  ohms;  at  150  volts,  40  ohms;  at  235  volts,  100  ohms 

Max.  DC  Output  mA,  65 

_  Rn77fi 

Max.  DC  Output  mA  per  Plate,  65 

For  other  characteristics,  refer  to  Type  6N7 

53 
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rca 

Type 

Name 

Out¬ 

line 

Basing 

Dia¬ 

gram 

Heater  or 
Filament  (F) 

Use 

Values  to  right  give  operat¬ 
ing  conditions  and  character¬ 
istics  for  indicated  typical  use 

Volts 

Amperes 

70L7GT 

Rectifier-Beam  Power  Tube 

13F 

m 

70,0 

0.15 

Amplifier  Unit  as  Class  A 
Amplifier 

Half-Wave  Rectifier 

75 

Twin  Diode— High-Mu  Triode 

24B 

6G 

6.3 

0.3 

Amplifier 

78 

Remote-Cutoff  Pentode 

24B 

6F 

6.3 

0.3 

Amplifier  Mixer 

SO 

Full-Wave  Rectifier 

26 

4C 

5.0F 

2.0 

With  Capacitive-Input  Filter 

With  Inductive-Input  Filter 

84/6Z4 

Full-Wave  Rectifier 

22  or 
13H 

5D 

6.3 

0.5 

With  Capacitive-Input  Filter 

With  Inductive-Input  Filter 

117L7 

GT/ 

M7GT 

Rectifier-Beam  Power  Tube 

13F 

RAO 

117 

0.09 

Amplifier  Unit  as  Class  A 
Amplifier 

Half-Wave  Rectifier 

117N7 

GT 

Rectifier-Beam  Power  Tube 

13F 

8AV 

117 

0.09 

Amplifier  Unit  as  Class  A 
Amplifier 

Half-Wave  Rectifier 

117P7 

GT 

Rectifier-Beam  Power  Tube 

13F 

8AV 

117 

0.09 

117Z3 

Half-Wave  Rectifier 

50 

4CB 

117 

0.04 

With  Capacitive-Input  Filter 

117Z4 

GT 

Half-Wave  Rectifier 

29F 

5AA 

117 

0.04 

With  Capacitive-Input  Filter 

117Z6 

GT 

Rectifier-Doubler 

13D 

70 

117 

0.075 

Voltage  Doubler 

Half-Wave  Rectifier 

7027 

Beam  Power  Tube 

18F 

SHY 

6.3 

0.9 

Push-Pull  Class  ABi  Amplifier 

Push-Pull  Class  ABi  Amplifier 

7247 

Dual  Triode 

SB 

3A 

12,6 

6.3 

0.15 

0.3 

Unit  No.  1  as  Class  A  Amplifier 
Unit  No.  2  as  Class  A  Amplifier 

7591 

Beam  Power  Tube 

130 

8KQ 

6.3 

0.8 

Class  A  Amplifier 
Push-Pull  Class  ABi  Amplifier 

7695 

Beam  Power  Tube 

130 

9PX 

50 

0.15 

Class  A  Amplifier 
Push-Pull  Class  ABi  Amplifier 

EM84/ 

BFG6 

Electron-Ray  Tube 

SF 

SBA 

6.3 

0.27 

Visual  Indicator 

RCA  Types  for  Replacement  Use 
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Power 


Plate 

Volts 

Grid  Bias 
or 

Cathode 

Resistor 

Screen 

Grid 

Volts 

Screen 

Grid 

Cur¬ 

rent 

mA 

Plate 

Cur¬ 

rent 

mA 

AC  Plate 
Resist¬ 
ance 

Ohms 

Trans- 

conduct¬ 

ance 

Micromhos 

Amplifi¬ 

cation 

Factor 

load 

Ohms 

Out¬ 

put 

Watts 

RCA 

Type 

110 

-  7.5V 

110 

3.0 

40.0 

15000 

7500 

■— 

2000 

1.8 

70L7GT 

Max.  Peak  Inverse  Volts,  350  Max.  DC  Output  mA,  70  MaxTPeak  Plate  mA,  420 

Min.  Total  Effect.  Ptate-Supply  Imped.,  15  ohms _ . 


For  other  characteristics,  refer  to  Type  6SQ7 


75 


For  other  characteristics,  refer  to  Type  6K7 


78 


AC  Volts  per  Plate  (RMS),  350 
Max.  Peak  Inverse  Volts,  1400 


DC  Output  mA,  125 
Max.  Peak  Plate  mA,  440 


AC  Volts  per  Plate  (RMS),  500 
Max.  Peak  Inverse  Volts,  1400 


Max.  DC  Output  mA,  125 
Max.  Peak  Plate  mA,  440 


Min.  Total  Effect.  Supply 
Imped,  per  Plate,  50  ohms 
Min.  Value  of  Input  Choke, 
10  henries 


AC  Volts  per  Plate  (RMS),  325 
Max.  Peak  Inverse  Volts,  1250 


DC  Output  mA,  60 
Max.  Peak  Plate  mA,  180 


Total  Effect.  Supply 
Imped,  per  Plate,  150  ohms 


AC  Volts  per  Plate  (RMS),  450 
Max.  Peak  Inverse  Volts,  1250 


Max.  DC  Output  mA,  60 
Max.  Peak  Plate  mA,  180 


Value  of  Input 
Choke,  10  henries 


84/674 


105 


■  5.2V 


105 


43 


17000 


5300 


4000 


0.85 


Max.  AC  Plate  Volts  (RMS),  117 
Maffl.  Peak  Inverse  Volts,  350 


Max.  DC  Output  mA,  75 
Max.  Peak  Plate  mA,  450 


Min.  Total  Effect.  Piate- 
Supply  Imped.,  15  ohms 


117L7 

GT/ 

M7GT 


100 


6V 


100 


16000 


7000 


3000 


1.2 


Max.  AC  Plate  Volts  (RMS),  117 
Max.  Peak  inverse  Volts,  350 


Max.  DC  Output  mA,  75 
Max.  Peak  Plate  mA,  450 


Min.  Total  Effect.  Plate- 
Supply  Impedance,  15  ohms 


117N7 

GT 


For  other  characteristics,  refer  to  Type  117L7/M7GT 


Max.  Peak  Inverse  Volts,  330 


Max.  DC  Output  mA,  90 
Max.  Peak  Plate  mA,  540 


Min.  Total  Effect.  Plate- 
Supply  Imped.,  20  ohms 


117P7 

GT 

117Z3 


Max.  Peak  Inverse  Volts,  350 


Max.  DC  Output  mA,  90 
Max.  Peak  Plate  mA,  540 


Min.  Total  Effect.  Plate- 
Supply  Imped.,  30  ohms 


117Z4 

GT 


AC  Volts  per  Plate  (RMS),  117 
DC  Output  mA,  60 


Min.  Total  Effective  Plate-Supply  Impedance  per  Plate: 
Half-Wave,  30  ohms;  Full-Wave,  15  ohms 


AC  Volts  per  Plate  (RMS),  235 
DC  Output  mA  per  Plate,  60 
450  — 3QV~  350 

“400“ 

380 


Min.  Total  Effect.  Supply  Imped,  per  Plate:  At  117 
volts,  15  ohms;  at  150  volts,  40  ohms;  at  235  volts,  100  ohms 


11 726 
GT 


3.4m  950 


6000 


50 


2000 

1800 


300 

380 


70 

5.60 


1120 

1380 


6600 

4500 


32 

36 


7027 


410 


2200 


Cath.  mA,  134 


8000 


24 


250 


-  2V 


1.2 


62500 


1600 


100 


250 


•8.5V 


10.5 


7700 


2200 


7247 


300 


-10V 


300 


60 


29000  10200 


3000 


450 


200D 


400 


11.5 


9000 


28t 


7591 


130 


-11V 


130 


100 


7000  11000 


1100 


4.5 


140 


500 


140 


210 


1500 


lOt 


7695 


Triode  Plate  Supply  Volts,  250 
Triode-Plate  Resistance,  1  MO 


Triode  Grid-Supply  Volts,  —22  Triode  Plate  mA,  0.06  t  . 

Max.  Length  of  Dark  Part  of  Target,  when  triode  grid  resistor  =  0,  1.14  inch 


Fluorescent-Target  Volts,  250  . 

Triode-Grid  Resistance,  0.47  MO  EM84/ 
Fluorescent  Target  mA,  1.6  gF06 


f  For  two  tubes  at  stated  piate-to-plate  load. 


□  For  two  tubes. 


486 


RCA  Receiving  Tube  Manual 


Basing  Diagrams  lor 
RCA  Replacement 
and  Discontinued  Types 

For  Key:  Basing  Diagrams,  see  inside  back  cover. 


ANODE  G3  4-  G5  4  CL 
FOCUSiNG  ELECTRODE  G4 


7FG 

ANODE  =  G3  +  G5  +  CL 
AUTOMATIC  FOCUSiNG 


C4 


ANODE  •■=  G3  -}-  Gs  I-  CL 
FOCUSING  ELECTRODE  *  G4 


ANODE  =  G3  4  Gs  1  CL 
FOCUSING  ELECTRODE  •=  G4 


ANODE  G4  -I-  Cl 
FOCUSING  ELECTRODE  =  G3 


ANODE  «  G3  +  Gs  -!■■■  CL 
FOCUSING  ELECTRODE  -  C4 


12AB 

ANODE  -  G3  4-  G5  -r  CL 
FOCUSING  ELECTRODE  =  G4 


ANODE  ~  G3  +  G5  +  CL 
FOCUSING  ELECTRODE  -  G4 


ANODE  G4  -!  CL 
FOCUSING  ELECTRODE  G3 
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ANODE  =■_■=  G3  (-  G5  i  Cl 
FOCUSING  ElECTRODE  G.| 


FOCUSING  ElECTRODE  =  G4 


ANODE 

ANODE 

n _ _ 

/CSX 

71  f' 

hi 

1 1 1 

1 _ 1 

V 

Lsfil) 

Gi'~y 

H  H 

H  H 

J2N 

12S 

ANDOS  Gj  1- a 

ANODE  =  G3  +.O5-+  Cl 

AUTOMATIC  FOCUS1NO 

G2G  ANODE 


14AH 

ANODE  -  G4 Gs  -h  Cl  -(-  R 
FOCUSING  ELECTRODE  -  G3 


(14ALI 

CAR  OVER  PIN  No.  I 
-  04  »  ®5 

CAP  OVER  PIN  No.  2  ^ ANODE 
-  G6  f  CL  a  HIGH-VOLTAGE 
TERMINAL.  Connetl  High-Voll- 
ogn  Supply  to  this  Cop  anti  ols* 
connect  50,000 -ohm  cesislof 
between  this  Cap  ami  Ihe  Cop 
aver  Pin  Mo.  1. 

FOCUSING  ELECTRODE  -  Gj 


ULTOR  -  G4  +  Gs  +  CL 
FOCUSING  ElECTRODE  •  G3 


ANODE  tc  Gj  -I-  04  -i-  Cl 
FOCUSING  ELECTRODE  »  flj 


DJ3  OJ4 


FOCUSING  ELECTRODE  «  O3 


Notes  for  RCA  Picture  Tube  Characteristics  Chart 


m  G  Glass  round. 

•  M  Metal  round. 
m  G  Glass  rectangular. 

IS  M  Metal  rectangular. 

E  Electrostatic. 

M  Magnetic. 

a  Faceplate  is  spherical,  un¬ 
less  otherwise  specified. 
b  AU  types  utilize  magnetic 
deflection  except  for  type 
7JP4  which  employs  elec¬ 
trostatic  deflection. 
cThe  anode  is  defined  as  the 
electrode,  or  the  electrode 
in  combination  with  one  or 
more  additional  electrodes 
connected  within  the  tube 
to  it,  to  which  is  applied 
the  highest  dc  voltage  for 


accelerating  the  electrons  in 
the  beam. 
d  Projection  type. 
e  Typical  deflection  factors 
(volts  dc/in.)  for  anode 
voltage  of  6000  volts: 

DJI  &  DJ2  (nearer  screen) 
186  to  246 

DJ3  &  DJ4  (nearer  base) 
150  to  204 

f  Has  low  grid-No.2  voltage 
rating:  for  Cathode-Drive 
Service. 

g  This  type  has  an  internal 
magnetic  shield. 
h  Cylindrical  faceplate. 
j  Bipanel  type. 

k  Treated  to  reduce  specular 
reflection. 


m  PAN-O-PLY — integral  im¬ 
plosion  protection. 
n  This  type  has  a  flat,  alu¬ 
minized,  filter  glass  phosphor- 
dot  screen  plate. 
p  Three  heaters  paralleled  In¬ 
ternally. 

q  This  type  has  an  integral 
protective  window. 
r  Three  heaters  series  con¬ 
nected  internally. 
s  Automatic. 

t  Hi-Lite  screen,  rare-earth 
phospor. 

u  Filled-rim-type  safety  fea¬ 
ture. 

v  21 -inch  round  color  picture 
tube  similar  to  21FBP22. 
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RCA 

Type 

Aluminized 

Screen 

Vo  Its/m  A  Envelope" 

Greatest 

Deflection 

Angle* 

(Approx.) 

Degrees 

Focusing 

Method 

Approx. 

Tube 

Weight 

Pounds 

Maximum 

Over-all 

Length 

Inches 

Basing* 

Design 

Maximum 

Anode0 

Volts 

m 

In-Trap 

Magnet 

Required 

Silverama  Types  for  Black-and-White  TV 

5TP4'1 

Yes 

6.3/600 

#G 

50 

E 

1.2 

12.125 

12G 

29500 

No 

7JP4 

No 

6.3/600 

®  G 

(e) 

E 

3 

14.875 

14R 

6500 

No 

8DP4 

No 

6.3/600 

■  G 

90 

E 

3 

10.750 

12AB 

9000 

Yes 

9QP4A 

No 

4.7/300 

m  G 

70 

E 

3.5 

13.062 

12AD 

7500 

Yes 

10BP4A 

No 

6.3/600 

m  G 

55 

M 

10 

18.000 

12N 

13000 

Yes 

10FP4A 

Yes 

6.3/600 

•  6 

55 

M 

10 

18.000 

12N 

13000 

No 

11CP4 

Yes 

6.3/450 

m  G 

no 

E 

4 

9.188 

8HR 

15000 

No 

I1HP4A 

Yes 

6.3/450 

m  GHl 

no 

E 

4 

9.188 

8HR 

15000 

No 

11GP4 

Yes 

6.3/450 

m  G" 

no 

E 

5 

9.035 

8HR 

15000 

No 

12BNP4A 

Yes 

6.3/450 

m  Gm 

no 

E 

5 

9.598 

8HR 

16000 

No 

12KP4A 

Yes 

6.3/600 

#  G 

55 

M 

12 

18.000 

12N 

13000 

No 

14ATP4 

Yes 

8.4/450 

■  G 

90 

E 

8.5 

13.500 

12L 

15500 

No 

14CP4B 

Yes 

6.3/600 

m  G 

70 

M 

10.5 

16.844 

12N 

15500 

No 

14WP4 

Yes 

6.3/600 

■  G 

so 

E 

8.5 

13.500 

12L 

15500 

No 

16ANP4 

Yes 

6.3/600 

m 

114 

E 

9.5 

10.750 

8HR 

18000 

No 

16AYP4 

Yes 

6.3/450 

■  G 

114 

E 

8.5 

10.561 

8HR 

20000 

No 

16BGP4 

Yes 

6.3/450 

m  GHl 

114 

E 

9.5 

10.811 

8HR 

20000 

No 

16DP4A 

Yes 

6.3/450 

m  Gm 

114 

E 

9.5 

10.811 

8RR 

20000 

No 

16CBP4Af 

No 

6.3/600 

m  g 

60 

M 

15 

21.000 

12D 

16500 

Yes 

16LP4A 

No 

6.3/600 

•  G 

52 

M 

14.5 

22.625 

12N 

15500 

Yes 

16RP4B 

Yes 

6.3/600 

■  G 

70 

IV! 

16 

19.125 

12N 

17500 

No 

1GTP4 

No 

6.3/600 

m  G 

70 

M 

16 

18.500 

12N 

15500 

Yes 

16WP4A 

No 

6.3/600 

®  G 

70 

M 

16.5 

18.125 

12N 

17500 

Yes 

17BJP4 

Yes 

6.3/600 

■  G 

90 

E 

15 

15.000 

12L 

17500 

No 

17BP4D 

Yes 

6.3/600 

m  G 

70 

IV! 

18 

19.562 

12N 

17500 

No 

17GBP4 

Yes 

8.4/450 

m  G 

no 

E 

10 

12.812 

8HR 

17500 

No 

17CFP4 

Yes 

6.3/600 

m  G 

90 

E 

10 

15.375 

12L 

17500 

No 

17CP4 

No 

6.3/600 

m 

70 

M 

10 

19.000 

12D 

17500 

Yes 

17GSP4 

Yes 

6.3/600 

m  G 

no 

E 

10 

12.625 

7FA 

17500 

No 

17CYP4 

Yes 

6.3/600 

m  G 

90 

E 

10 

14.375 

12L 

17500 

No 

17DAP4 

Yes 

2.68/450 

m  G 

no 

E 

10 

10.875 

8JK 

17500 

No 

17DKP4 

Yes 

6.3/600 

■  G 

no 

E 

10 

10.938 

8JR 

23000 

No 

17BGP4r 

Yes 

6.3/450 

s  G 

no 

E 

10 

12.375 

7FA 

17500 

No 

17DRP4* 

Yes 

2.68/450 

■  G 

no 

E 

10 

11.000 

8JK 

17500 

No 

17DSP4 

Yes 

6.3/600 

m  G 

no 

E 

10 

11.438 

8HR 

20000 

No 

17DXP4 

Yes 

6.30/450 

m  G 

no 

E 

10 

10.938 

8JR 

17500 

No 

17EFP4 

Yes 

6.30/450 

■  G 

no 

E 

10 

11.438 

8HR 

20000 

No 

17HP4G 

Yes 

6.3/600 

m  G 

70 

E 

18 

19.562 

12L 

17500 

No 

17LP4B 

Yes 

6.3/600 

m  G 

70 

E 

19 

19.562 

12L 

17500 

No 

176P4B 

Yes 

6.3/600 

■  Gft 

70 

iVi 

19 

19.562 

12  N 

20000 

No 

17TP4 

No 

6.3/600 

Hi* 

70 

E 

10 

19.312 

12M 

17500 

Yes 

19ABP4 

Yes 

2.68/450 

H  G 

114 

E 

14 

11.125 

8JK 

20000 

No 

19AHP4 

Yes 

6.3/450 

H  G 

114 

E 

13.5 

11.625 

8HR 

17500 

No 

19AJP4r 

Yes 

6.3/450 

m  G 

114 

E 

14 

11.625 

7FA 

20000 

No 

19ABP4 

Yes 

6.3/600 

H  6** 

114 

E 

18.5 

11.938 

8HR 

20000 

No 

19AVP4 

Yes 

6.3/600 

B  G 

114 

E 

14 

11.625 

8HR 

23000 

No  _ 

*  Basing  diagrams  for  RCA  picture  tubes  are  slim  on  page  493. 
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RCA  PICTURE  TUBE  CHARACTERISTICS  CHART  (Cont’d) 


Greatest 

Deflection 

Approx. 

Maximum 

Design 

PM 

Angle'* 

Tube 

Dver-all 

Maximum 

Ion-Trap 

RCA 

Aluminized 

Heater 

(Approx.) 

Focusing 

Weight 

Length 

Anode0 

Magnet 

Type 

Screen 

Wolts/mA 

Envelope* 

Degrees 

Method 

Pounds 

Inches 

Basing4 

Volts 

Required 

Silverama  Types  for  Black-and-White  TV 

19AYP4 

Yes 

6.3/450 

a  G 

114 

E 

14 

11.625 

8HR 

23000 

No 

19BDP4r 

Yes 

6.3/600 

m  G 

92 

E 

15 

15.625 

12L 

20000 

No 

19BTP4 

Yes 

6.3/600 

a  G 

114 

E 

14 

11.062 

8JR 

23000 

No 

19CHP4f 

Yes 

6.3/600 

m  G 

114 

E 

14 

11.875 

8HR 

20000 

No 

19CMP4' 

Yes 

6.3/450 

a  G 

114 

E 

14 

11.875 

8HR 

20000 

No 

19CXP4r 

Yes 

6.3/600 

a  G 

114 

E 

14 

11.875 

7FA 

20000 

No 

19DAP4 

Yes 

6.3/450 

■  G,s 

114 

E 

15.5 

11.875 

8HR 

23000 

No 

19DQP4 

Yes 

6.3/450 

a  Gw 

114 

E 

15 

11.875 

8HR 

23000 

No 

19DRP4 

Yes 

6.3/600 

a  Gw 

114 

E 

15 

11.875 

8HR 

23000 

No 

1 9DSP4r 

Yes 

6.3/600 

m  Gm 

114 

E 

15 

11.875 

8HR 

20000 

No 

19EBP4 

Yes 

6.3/600 

m  G" 

114 

E 

16 

11.875 

8HR 

23000 

No 

19EGP4r 

Yes 

6.3/450 

m  G" 

114 

E 

16 

11.875 

8HR 

21000 

No 

19ENP4A 

Yes 

6.3/450 

■  G" 

1.14 

E 

15 

11.875 

8HR 

21000 

No 

19FEP4B/ 

Yes 

6.3/450 

m  Gm 

114 

E 

15 

11.875 

8HR 

23500 

No 

26DP4D 

Yes 

6.3/600 

■  G 

70 

M 

30 

22.125 

12N 

20000 

No 

20HP4E 

Yes 

6.3/600 

a  G 

70 

E 

30 

22.125 

12L 

17500 

No 

21AMP4B 

Yes 

6.3/600 

a  G 

90 

M 

24 

20.375 

12N 

20000 

No 

21AVP4C 

Yes 

6.3/600 

a  G 

72 

E 

24 

23.406 

12L 

22000 

No 

21AWP4A 

Yes 

6.3/600 

a  G 

72 

M 

24 

23.406 

12N 

20000 

No 

21CBP4A 

Yes 

6.3/600 

m  G 

90 

E 

24 

18.375 

12L 

22000 

No 

21CQP4 

Yes 

6.3/600 

m  G 

110 

E 

20 

14.812 

7FA 

20000 

No 

210EP4A 

Yes 

6.3/600 

■  G 

110 

E 

20 

15.000 

8HR 

22000 

No 

21DFP4 

Yes 

6.3/600 

a  G 

110 

E 

23 

14.750 

8HR 

20000 

No 

21DHP4 

Yes 

6.3/450 

m  G 

110 

E 

20 

15.000 

8HR 

20000 

No 

21DLP4 

Yes 

6.3/600 

m  G 

90 

E 

24 

17.375 

12L 

22000 

No 

21DSP4' 

Yes 

6.3/600 

m  G 

90 

E 

24 

18.375 

121 

22000 

No 

21 EP4C 

Yes 

6.3/600 

m  Gft 

70 

M 

29 

23.406 

12N 

20000 

No 

21EQP4 

Yes 

6.3/600 

m  G 

no 

E 

23 

12.875 

8JR 

20000 

No 

21FAP4 

Yes 

6.3/600 

m  G 

110 

E 

20 

13.125 

8JR 

22000 

No 

21FDP4 

Yes 

6.3/600 

a  G 

110 

E 

20 

13.375 

8KW 

20000 

No 

21FP4D 

Yes 

6.3/600 

a  G'* 

70 

E 

29 

23.406 

121 

20000 

No 

21FVP4 

Yes 

6.3/450 

■  G”‘ 

114 

E 

19 

12.937 

8HR 

23000 

No 

21  MP4 

No 

6.3/600 

m  M 

70 

E 

18 

22.625 

12M 

17500 

Yes 

21WP4B 

Yes 

6.3/600 

■  G 

70 

M 

24 

22,812 

12N 

20000 

No 

21XP4B 

Yes 

6.3/600 

D  G 

70 

E 

24 

22,812 

12L 

20000 

No 

21YP4B 

Yes 

6.3/600 

a  G 

70 

E 

24 

23.406 

12L 

20000 

No 

21ZP4C 

Yes 

6.3/600 

a  G 

70 

M 

24 

23.406 

12  N 

20000 

No 

23AHP4 

Yes 

6.3/600 

m  G 

92 

E 

27 

18.375 

12L 

22000 

No 

23ARP4 

Yes 

6.3/600 

MG 

110 

E 

25 

15.156 

8HR 

22000 

No 

23ASP4 

Yes 

6.3/600 

a  G 

92 

E 

27 

17.375 

12L 

22000 

No 

23BGP4f 

Yes  1  ' 

6.3/600 

■  G' 

no 

E 

33 

!$W~ 

8HR 

22000 

No 

23BJP4' 

Yes 

63/600 

■  G 

92 

E 

27 

18.500 

12L 

25000 

m 

23BLP4r 

Yes 

6.3/600 

■  G'* 

92 

E 

35 

18.875 

12L 

25000 

No 

23BQP4 

Yes 

6.3/450 

a  G-‘ 

410 

E 

33 

15,562 

8HR 

23000 

No 

23CBP4 

Yes 

6.3/450 

■  G'* 

lid 

E 

33 

15.562 

8HR 

23000 

No 

230GP4 

Yes 

6.3/450 

■  G 

92 

E 

27 

18.375 

121 

22000 

No 

— - — — - . . 

*  Basing  diagrams  fox  R'C/V  picture  tubes  are  shown  on  page  493. 
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RCA  PICTURE  TUBE  CHARACTERISTICS  CHART  (Cont’d) 


Greatest 

Deflection 

Approx. 

Maximum 

Design 

PM 

Angle6 

Tube 

Over-all 

Maximum  Ion-Trap 

RCA 

Aluminized 

Heater 

(Approx.) 

Focusing 

Weight 

Length 

Anode* 

Magnet 

Type 

Screen 

Vo|ts/mA 

Envelope* 

Degrees 

Method 

Pounds 

Inches 

Basing* 

Volts 

Required 

Silverama  Types  for  Black-and-White  TV 

23CP4 

Yes 

6.3/600 

■  G' 

110 

E 

33 

15.562 

8HR 

22000 

No 

23CQP4 

Yes 

6.3/450 

m  G 

114 

E 

24 

14.062 

8HR 

23500 

No 

23DAP4' 

Yes 

6.3/600 

■  G 

94 

E 

27 

17.391 

8HR 

23000 

No 

23DBP4r 

Yes 

6.3/600 

■  G 

110 

E 

25 

15.156 

8HR 

22000 

No 

23EKP4 

Yes 

6.3/450 

m  Gw 

92 

E 

29 

18.375 

12L 

25000 

No 

23ENP4' 

Yes 

6.3/600 

m  Gm 

92 

E 

29 

18.500 

12L 

25000 

No 

2zmr 

Yes 

6.3/600 

is  Gj 

110 

E 

33 

15.562 

8KP 

22000 

No 

23EQP4 

Yes 

6.3/450 

m  Gw 

114 

E 

28 

14.812 

8HR 

23000 

No 

23ETP4 

Yes 

6.3/600 

m  Gm 

110 

E 

28 

15.156 

8HR 

23000 

No 

23FBP4/’ 

Yes 

6.3/600 

m  Gfcw 

92 

E 

29 

18.500 

12L 

25000 

No 

23FP4A 

Yes 

6.3/600 

■  G 

114 

E 

24 

14.062 

8HR 

23500 

No 

23FRP4'' 

Yes 

6.3/450 

u  G“ 

no 

E 

29 

14.531 

8HR 

23000 

No 

23FSP4 

Yes 

6.3/600 

m  GM 

no 

E 

29 

15.156 

8HR 

23000 

No 

23GJP4A 

Yes 

6.3/450 

m  Gm 

no 

E 

28 

14.531 

8HR 

23000 

No 

23HFP4A 

Yes 

6.3/450 

m  Gw 

no 

E 

28 

15.156 

8HR 

23000 

No 

23HUP4A1* 

Yes 

6.3/450 

m  Gm 

no 

E 

28 

14.656 

8HR 

23500 

No 

23iP4r 

Yes 

6.3/450 

El  G  J 

no 

E 

33 

15.875 

7FA 

22000 

No 

23NP4r 

Yes 

6.3/600 

m  G 

114 

E 

24 

14.812 

8HR 

22000 

No 

23YP4 

Yes 

6.3/600 

a  G' 

92 

E 

35 

18.750 

12L 

22000 

No 

24AEP4 

Yes 

6.3/600 

m  G 

90 

E 

32.5 

19.500 

12L 

22000 

No 

24AHP4 

Yes 

6.3/600 

H  G 

no 

E 

26.5 

16.188 

8HR 

22000 

No 

24ATP4'1 

Yes 

6.3/600 

m  G 

90 

E 

32.5 

19.500 

12L 

22000 

No 

24AUP4 

Yes 

6.3/600 

m  G 

90 

E 

32,5 

18.500 

12L 

22000 

No 

24BAP4' 

Yes 

6.3/600 

m  G 

no 

E 

26.5 

16,188 

8HR 

22000 

No 

24BEP4 

Yes 

6.3/600 

■  G 

no 

E 

26.5 

15.125 

8KW 

20000 

No 

240P4B 

Yes 

6.3/600 

si  G 

90 

M 

32.5 

21.500 

12N 

22000 

No 

27  MP4 

Yes 

6.3/600 

m  M 

90 

M 

30 

22,188 

12D 

20000 

Yes 

27RP4A 

Yes 

6.3/600 

m  G 

90 

M 

44 

23.438 

12  N 

22000 

No 

Color  Picture  Tubes 


15GP22i 

Yes 

6.3/1800*'  ®  G 

45 

E 

25 

26.125 

20A 

22000 

No 

19EXP22* 

Yes 

6.3/800'-  ■  G 

90 

E 

21 

18.231 

14BE 

27500 

No 

19EYP22* 

Yes 

6.3/800*-  ss 

90 

E 

24 

18,423 

14BE 

27500 

No 

21AXP22A 

Yes 

6.3/1800*'  %  M 

70 

E 

28 

25.312 

MAH 

27500 

No 

21CYP22A 

Yes 

6.3/1800*'  %  G 

70 

E 

36.5 

25.406 

14AL 

27500 

No 

21FBP22 

Yes 

6.3/1800*'  0  G 

70 

E 

36.5 

25.406 

14AU 

27500 

No 

21FBP22A* 

Yes 

6.3/1800  @G 

70 

E 

36.5 

25.406 

14AU 

27500 

No 

21FJP22 

Yes 

6.3/1800*3  • 

70 

E. 

41 

25.594 

14AU 

27500 

No 

21FJP22A* 

Yes 

6.3/1800  @Gfc« 

70 

E 

41 

25.594 

14AU 

27500 

No 

25AP22A* 

Yes 

6.3/800r  R2 

90 

E 

42 

21.299 

14  BE 

27500 

No 

25BP22A* 

Yes 

6.3/800"  H  G 

90 

£ 

37 

21.107 

14BE 

27500 

No 

Test  Picture  Tubes 

5AXP4 

No 

6.3/600  ®  G 

.  53  . 

E9 

1.5 

11.000 

12S 

20000 

No 

8XP4 

Yes 

6.3/600  m  G 

90 

E9 

3 

11.750 

I2S 

22000 

No 

8YP4 

Yes 

6.3/608  s  G 

119 

E* 

2 

9.000 

7FG 

22000 

No 

Yes 

6.3/1800“  @G 

79 

E 

36.5 

25.406 

14AU 

27500 

No 
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RCA  VOLTAGE-REGULATOR 
AND  VOLTAGE-REFERENCE  TUBES 


These  tubes  are  designed  for  voltage-regulation  requiring  a  relatively  constant 
dc  output  voltage  across  a  load  independent  of  load  and  line-voltage  variations . 


DC 

Operating 

Ambient 

Max 

DC  Oper- 

Current 

Anode 

Anode 

Regu- 

Operating 

Max 

Diam- 

RCA 

ating 

Range 

Starting  Starting 

lation 

Temperature 

Length 

eter 

Diagram 

Type 

Volts 

mA 

Volts 

(mA) 

Volts 

Range  (°C) 

(in) 

(in) 

Terminal 

VOLTAGE-REGULATOR  TUBES 

f 

QA2 

150 

5  to  30 

185 

75 

6 

-55  to  +90 

2-5/8 

3/4 

5B0 

0A3 

75 

5  to  40 

105 

100 

6.5 

-55  to  +90 

4-1/8 

1-9/16 

4AJ 

0A3A 

75 

5  to  40 

105 

100 

6.5 

-55  to  +90 

3-1/16  1-9/32 

4AJ 

0B2 

105 

5  to  30 

133 

75 

4 

~55  to  +90 

2-5/8 

3/4 

5B0 

602 

75 

5  to  30 

115 

75 

4.5 

~55  to  +90 

2-5/8 

3/4 

5B0 

603 

105 

5  to  40 

133 

100 

4 

-55  to  +90 

4-1/8 

1-9/16 

4AJ 

0C3A 

105 

5  to  40 

127 

100 

4 

-55  to  +90 

3-1/16  1-9/32 

4AJ 

003 

150 

5  to  40 

185 

100 

5.5 

-55  to  +90 

4-1/8 

1-9/16 

4AJ 

003A 

150 

5  to  40 

180 

100 

5.5 

“55  to  +90 

3-1/16  1-9/32 

4A1 

091 

59 

0.4  to  2 

87 

— 

8 

— 

1-9/16 

5/8 

* 

6073 

150 

5  to  30 

185 

75 

6 

-55  to  +90 

2-5/8 

3/4 

5B0 

6073/6A2 

150 

5  to  30 

185 

75 

6 

-55  to  +90 

2-5/8 

3/4 

5B0 

6074 

105 

5  to  30 

133 

75 

4 

“55  to  +90 

2-5/8 

3/4 

5B0 

6074/OB2 

105 

5  to  30 

133 

75 

4 

“55  to  +90 

2-5/8 

3/4 

5B0 

S826/0A2WA 

150 

5  to  30 

165 

75 

5 

“55  to  +90 

2-5/8 

3/4 

5B0 

VOLTAGE-REFERENCE  TUBES  t 

(for  exceptional  voltage  stability) 

5651 

87 

1.5  to  3.5  115 

— . 

3 

-55  to  +90 

2-1/8 

3/4 

5B0 

5651 A 

85.5 

1.5  to  3.5  115 

— 

3 

“55  to  +90 

2-1/8 

3/4 

5B0 

SERIES-VOLTAGE-REGULATOR  TUBES  ** 

(for  high-current  applications) 

DC 

DC 

Plate  Dis- 

Ampli-  Plate  Re- 

Max 

Max 

RCA 

Heater 

Heater 

Plate 

Plate 

sipation 

fication  sistance 

Length 

Diameter 

Terminal 

Type 

Volts 

Amperes 

Volts  , 

Amperes 

(watts) 

Factor  (ohms) 

(in) 

(m) 

Diagram 

6336A 

6.3 

2,5 

250 

0.125 

13 

2  280 

4-5/8 

1-9/16 

8BD 

BASTS 

6.3 

2.5 

250 

0.125 

13 

2  280 

4-1/6 

1-23/32 

8B0 

8086 

26.5 

0.6 

250 

0.125 

13 

2  280 

4-1/6 

1-23/32 

8BD 

6082 

6.3 

5 

400 

0.4 

30 

2.7  280 

4-3/4 

2.07 

8BD 

**  In d i rec t iy- h e at ed-G a th od e ,  vacuum,  low-mu  twin  triodes.  *  Candelabra  two-contact  socket, 
t  Cold-cathode,  glow-discharge  types. 


Structure  of  a  Miniature  Tube 
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Electron  Tube 
Testing 


THE  electron-tube  user-service  man, 
experimenter,  or  non-technical 
radio  listener — is  interested  in  knowing 
the  condition  of  his  tubes,  since  they 
govern  the  performance  of  the  device  in 
which  they  are  used.  In  order  to  deter¬ 
mine  the  condition  of  a  tube,  some 
method  of  test  is  necessary.  Because  the 
operating  capabilities  and  design  fea¬ 
tures  of  a  tube  are  indicated  and  de¬ 
scribed  by  its  electrical  characteristics, 
a  tube  is  tested  by  measuring  its  charac¬ 
teristics  and  comparing  them  with  val¬ 
ues  established  as  standard  for  that  type. 
Tubes  which  read  abnormally  high  with 
respect  to  the  standard  for  the  type  are 
subject  to  criticism  just  the  same  as 
tubes  which  are  too  low. 

Certain  practical  limitations  are 
placed  on  the  accuracy  with  which  a 
tube  test  can  be  correlated  with  actual 
tube  performance.  These  limitations 
make  it  impractical  for  the  service  man 
and  dealer  to  employ  complex  and 
costly  testing  equipment  having  labora¬ 
tory  accuracy.  Because  the  accuracy  of 
the  tube-testing  device  need  be  no 
greater  than  the  accuracy  of  the  correla¬ 
tion  between  test  results  and  receiver 
performance,  and  since  certain  funda¬ 
mental  characteristics  are  virtually  fixed 
by  the  manufacturing  technique  of  lead¬ 
ing  tube  manufacturers,  it  is  possible  to 
employ  a  relatively  simple  test  in  order 
to  determine  the  serviceability  of  a  tube. 

In  view  of  these  factors,  dealers 
and  service  men  will  find  it  econom¬ 
ically  expedient  to  obtain  adequate 
accuracy  and  simplicity  of.  operation  by 
employing  a  device  which  indicates  the 
status  of  a  single  characteristic.  Whether 
the  tube  is  satisfactory  or  unsatisfactory 
is  judged  from  the  test  result  of  this 
single  characteristic.  Consequently,  it  is 


very  desirable  that  the  characteristic  se¬ 
lected  for  the  test  be  one  which  is  truly 
representative  of  the  tube’s  over-all  con¬ 
dition. 

The  following  information  and  cir¬ 
cuits  are  given  to  describe  and  illustrate 
general  theoretical  and  practical  tube- 
tester  considerations  and  not  to  provide 
information  on  the  construction  of  a 
home-made  tube  tester.  In  addition  to 
the  problem  of  determining  what  tube 
characteristic  is  most  representative  of 
performance  capabilities  in  all  types  of 
receivers,  the  designer  of  a  home-made 
tester  faces  the  difficult  problem  of  de¬ 
termining  satisfactory  limits  for  his  par¬ 
ticular  tester.  Getting  information  of 
this  nature,  if  it  is  to  be  accurate  and 
useful,  is  a  big  job.  It  requires  the  test¬ 
ing  of  many  tubes  of  each  type,  testing 
of  many  types,  and  correlation  of  the 
data  with  performance  in  many  kinds 
of  equipment. 

Short-Circuit  Test 

The  fundamental  circuit  of  a  short- 
circuit  tester  is  shown  in  Fig.  129.  Al¬ 
though  this  circuit  is  suitable  for  tet- 


Fig.  129 — Fundamental  circuit  of  a  short- 
circuit  tester « 
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rodes  and  types  having  less  than  four 
electrodes,  tubes  of  more  electrodes  may 
be  tested  by  adding  more  indicator 
lamps  to  the  circuit.  Voltages  are  ap¬ 
plied  between  the  various  electrodes 
with  lamps  in  series  with  the  electrode 
leads.  The  value  of  the  voltages  applied 
will  depend  on  the  type  of  tube  being 
tested  and  its  maximum  ratings.  Any 
two  shorted  electrodes  complete  a  cir¬ 
cuit  and  light  one  or  more  lamps.  Since 
two  electrodes  may  be  just  touching  to 
give  a  high-resistance  short,  it  is  de¬ 
sirable  that  the  indicating  lamps  operate 
on  very  low  current.  It  is  also  desirable 
to  maintain  the  filament  or  heater  of  the 
tube  at  its  operating  temperature  during 
the  short-circuit  test,  because  short- 
circuits  in  a  tube  may  sometimes  occur 
only  when  the  electrodes  are  heated. 
However,  a  short-circuit  tester  having 
too  high  a  sensitivity  may  indicate  very- 
high-resistance  shorts  that  do  not  ad¬ 
versely  affect  tube  operation. 


Selection  of  a  Suitable 
Characteristic  for  Test 

Some  characteristics  of  a  tube  are 
far  more  important  in  determining  its 
operating  worth  than  are  others.  The 
cost  of  building  a  device  to  measure 
any  one  of  the  more  important  charac¬ 
teristics  may  be  considerably  higher 
than  that  of  a  device  which  measures  a 
less  representative  characteristic.  Conse¬ 
quently,  three  methods  of  test  will  be 
discussed,  ranging  from  relatively  sim¬ 
ple  and  inexpensive  equipment  to  more 
elaborate,  more  accurate,  and  more 
costly  devices. 

An  emission  test  is  perhaps  the 
simplest  method  of  indicating  a  tube’s 
condition.  (Refer  to  Diodes ,  in  Elec¬ 
trons,  Electrodes,  and  Electron  Tubes 
section,  for  a  discussion  of  elec¬ 
tron  emission.)  Since  emission  falls 
off  as  the  tube  wears  out,  low  emis¬ 
sion  is  indicative  of  the  end  of  tube 
serviceability.  However,  the  emission 
test  is  subject  to  limitations  because 
it  tests  the  tube  under  static  conditions 
and  does  not  take  into  account  the  ac¬ 
tual  operation  of  the  tube.  On  the  one 
hand,  coated  filaments,  or  cathodes. 


often  develop  active  spots  from  which 
the  emission  is  so  great  that  the  rela¬ 
tively  small  grid  area  adjacent  to  these 
spots  cannot  control  the  electron  stream. 
Under  these  conditions,  the  total  emis¬ 
sion  may  indicate  the  tube  to  be  normal 
although  the  tube  is  unsatisfactory.  On 
the  other  hand,  coated  types  of  fila¬ 
ments  are  capable  of  such  large  emis¬ 
sion  that  the  tube  will  often  operate 
satisfactorily  after  the  emission  has 
fallen  far  below  the  original  value. 

Fig.  130  shows  the  fundamental 
circuit  diagram  for  an  emission  test.  All 
of  the  electrodes  of  the  tube,  except  the 
cathode,  are  connected  to  the  plate.  The 
filament,  or  heater,  is  operated  at  rated 
voltage;  after  the  tube  has  reached  con- 


Fig.  130 — Fundamental  circuit  of  an 
emission  tester 

slant  temperature,  a  low  positive  volt¬ 
age  is  applied  to  the  plate  and  the 
electron  emission  is  read  on  the  meter. 
Readings  which  are  well  below  the 
average  for  a  particular  tube  type  in¬ 
dicate  that  the  total  number  of  available 
electrons  has  been  so  reduced  that  the 
tube  is  no  longer  able  to  function 
properly. 

A  Iransconductance  test  takes  into 
account  a  fundamental  operating  prin¬ 
ciple  of  the  tube.  (This  fact  will  be  seen 
from  the  definition  of  transconductance 
in  the  Section  on  Electron  Tube  Char¬ 
acteristics.)  It  follows  that  transcon¬ 
ductance  tests,  when  properly  made, 
permit  better  correlation  between  test 
results  and  actual  performance  than 
does  a  straight  emission  test. 

There  are  two  forms  of  transcon¬ 
ductance  test  which  can  be  utilized  in  a 
tube  tester.  In  the  first  form  (illustrated 
by  Fig.  1 3 1  giving  a  fundamental  circuit 
with  a  tetrode  under  test),  appropriate 
operating  voltages  are  applied  to  the 
electrodes  of  the  tube.  A  plate  current 
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depending  upon  the  electrode  voltages 
will  then  be  indicated  by  the  meter.  If 
the  bias  on  the  grid  is  then  shifted  by 
the  application  of  a  different  grid  volt¬ 
age,  a  new  plate-current  reading  is  ob¬ 
tained.  The  difference  between  the  two 
plate-current  readings  is  indicative  of 
the  transconductance  of  the  tube.  This 


Fig.  131 — Fundamental  circuit  of  a  trans¬ 
conductance  tester  using  the  “grid-shift” 
method . 


method  of  transconductance  testing  is 
commonly  called  the  “grid-shift”  meth¬ 
od,  and  depends  on  readings  under  static 
conditions.  The  fact  that  this  form  of 
test  is  made  under  static  conditions  im¬ 
poses  limitations  not  encountered  in  the 
second  form  of  test  made  under  dy¬ 
namic  conditions. 

The  dynamic  transconductance  test 
illustrated  in  Fig.  132  gives  a  funda¬ 
mental  circuit  with  a  tetrode  under  test. 
This  method  is  superior  to  the  static 
transconductance  test  in  that  ac  voltage 


Fig.  132 — Fundamental  circuit  of  a 
dynamic  transconductance  tester. 

is  applied  to  the  grid.  Thus,  the  tube  is 
tested  under  conditions  which  approxi¬ 
mate  actual  operating  conditions.  The 
alternating  component  of  the  plate  cur¬ 


rent  is  read  by  means  of  an  ac  ammeter 
of  the  dynamometer  type.  The  trans¬ 
conductance  of  the  tube  is  equal  to  the 
ac  plate  current  divided  by  the  input- 
signal  voltage.  If  a  one-volt  rms  signal 
is  applied  to  the  grid,  the  plate-current- 
meter  reading  in  milliamperes  multiplied 
by  one  thousand  is  the  value  of  trans- 
conductance  in  micromhos. 

The  power-output  test  probably 
gives  the  best  correlation  between  test 
results  and  actual  operating  perform¬ 
ance  of  a  tube.  In  the  case  of  voltage 
amplifiers,  the  power  output  is  indica¬ 
tive  of  the  amplification  and  output 
voltages  obtainable  from  the  tube.  In 
the  case  of  power-output  tubes,  the  per¬ 
formance  of  the  tube  is  closely  checked. 
Consequently,  although  more  compli¬ 
cated  to  set  up,  the  power-output  test 
will  give  closer  correlation  with  actual 
performance  than  any  other  single  test. 

Fig.  133  shows  the  fundamental 
circuit  of  a  power-output  test  for  class 
A  operation  of  tubes.  The  diagram  illus¬ 
trates  the  method  for  a  pentode.  The  ac 
output  voltage  developed  across  the 


plate-load  impedance  (L)  is  indicated  by 
the  current  meter.  The  current  meter  is 
isolated  as  far  as  the  dc  plate  current  is 
concerned  by  the  capacitor  (C).  The 
power  output  can  be  calculated  from 
the  current  reading  and  known  load 
resistance.  In  this  way,  it  is  possible  to 
determine  the  operating  condition  of  the 
tube  quite  accurately. 

Fig.  134  shows  the  fundamental 
circuit  of  a  power-output  test  for  class 
B  operation  of  tubes.  With  ac  voltage 
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applied  to  the  grid  of  the  tube,  the 
current  in  the  plate  circuit  is  read  on 
a  dc  mitliammeter.  The  power  output 
of  the  tube  is  approximately  equal  to: 

{lb*  X  Ri,)/0.405, 

where  P0  is  the  power  output  in  watts, 
lb  is  the  dc  current  in  amperes,  and  Rl 
is  the  load  resistance  in  ohms. 


Fig,  134 — Fundamental  circuit  of  a  power- 
output  tester  for  class  B  operation  of  tubes. 

Essential  Tube-Tester 
Requirements 

1.  The  tester  should  provide  for 
making  a  short-circuit  test  before  meas¬ 
urement  of  the  tube’s  characteristics. 

2,  It  is  important  that  some  means 
of  controlling  the  voltages  applied  to  the 
electrodes  of  the  tube  be  provided.  If 


the  tester  is  ac  operated,  a  line -voltage 
control  permits  the  supply  of  proper 
electrode  voltages. 

3.  It  is  essential  that  the  rated  volt¬ 
age  applied  to  the  filament  or  heater  be 
maintained  accurately. 

4.  It  is  suggested  that  the  Char¬ 
acteristics  test  follow  one  of  the  meth¬ 
ods  described.  The  method  selected  and 
the  quality  of  the  parts  used  in  the  test 
will  depend  upon  the  user’s  require¬ 
ments. 


Tube-Tester  Limitations 

A  tube-testing  device  can  only  indi¬ 
cate  the  difference  between  a  given 
tube’s  characteristics  and  those  which 
are  standard  for  that  particular  type. 
Since  the  operating  conditions  imposed 
upon  a  tube  of  a  given  type  may  vary 
within  wide  limits,  it  is  impossible  for 
a  tube-testing  device  to  evaluate  tubes 
in  terms  of  performance  capabilities 
for  all  applications.  The  tube  tester, 
therefore,  cannot  be  looked  upon  as  a 
final  authority  in  determining  whether 
or  not  a  tube  is  always  satisfactory. 
Actual  operating  test  in  the  equipment 
in  which  the  tube  is  to  be  used  will 
give  the  best  possible  indication  of  a 
tube’s  worth. 
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Resistance-coupled,  audio¬ 
frequency  voltage  amplifiers  utilize 
simple  components  and  are  capable  of 
providing  essentially  uniform  amplifica¬ 
tion  over  a  relatively  wide  frequency 
range. 

Suitable  Tubes 

In  this  section,  data  are  given  for 
over  45  types  of  tubes  suitable  for  use 
in  resistance-coupled  circuits.  These 
types  include  low-  and  high-mu  triodes, 
twin  triodes,  triode-connected  pentodes, 
and  pentodes.  The  accompanying  key 
to  tube  types  will  assist  in  locating  the 
appropriate  data  chart. 

Circuit  Advantages 

For  most  of  the  types  shown,  the 
data  pertain  to  operation  with  cathode 
bias;  for  all  of  the  pentodes,  the  data 
pertain  to  operation  with  series  screen- 
grid  resistor.  The  use  of  a  cathode-bias 
resistor  where  feasible  and  a  series 
screen-grid  resistor  where  applicable 
offers  several  advantages  over  fixed- 
voltage  operation;  , 

The  advantages  are:  (1)  effects  of 
possible  tube  differences  are  minimized; 
(2)  operation  over  a  wide  range  of  plate- 
supply  voltages  without  appreciable 
change  in  gain  is  feasible;  (3)  the  low 
frequency  at  which  the  amplifier  cuts 
off  is  easily  changed;  and  (4)  tendency 
toward  motorboating  is  minimized. 

Number  of  Stages 

These  advantages  can  be  enhanced 
by  the  addition  of  suitable  decoupling 
filters  in  the  plate  supply  of  each  stage 
of  a  multi-stage  amplifier.  With  proper 
filters,  three  or  more  amplifier  stages 
can  be  operated  from  a  single  power- 
supply  unit  of  conventional  design  with- 
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out  encountering  any  difficulties  due  to 
coupling  through  the  power  unit.  When 
decoupling  filters  are  not  used,  not 
more  than  two  stages  should  be  op¬ 
erated  from  a  single  power-supply  unit. 

Symbols  Used  in  Resistance- 
Coupled  Amplifier  Charts 

C  =  Blocking  Capacitor  Of)- 
Ct  =  Cathode  Bypass  Capacitor  Of)- 
Cgs  =  Screen-Grid  Bypass  Capacitor 

Of)- 

Ebb  =  Plate-Supply  Voltage  (volts). 

Voltage  at  plate  equals  plate- 
supply  voltage  minus  drop  in  Rp 
and  Rk. 

Rk  =  Cathode  Resistor  (ohms). 

Rga  ==  Screen-Grid  Resistor 
(megohms). 

Rg  —  Grid  Resistor  (megohms)  for 
following  stage. 

R„  =  Plate  Resistor  (megohms). 

V.G.  =  Voltage  Gain. 

Eo  =  Output  Voltage  (peak  volts). 
This  voltage  is  obtained  across 
Rg  (for  following  stage)  at  any 
frequency  within  the  flat  region 
of  the  output  vs.  frequency 
curve,  and  is  for  the  condition 
where  the  signal  level  is  ade¬ 
quate  to  swing  the  grid  of 
the  resistance-coupled  amplifier 
tube  to  the  point  where  its  grid 
starts  to  draw  current. 

Note:  The  listed  values  for  Eo  are  the  peak 
output  voltages  available  when  the  grid  is 
driven  from  a  low-impedance  source.  The 
listed  values  for  the  cathode  resistors  are  op¬ 
timum  for  any  signal  source.  With  a  high- 
impedance  source,  protection  against  severe 
distortion  and  loss  of  gain  due  to  input  load¬ 
ing  may  be  obtained  by  the  use  of  a  coupling 
capacitor  connected  directly  to  the  input  grid 
and  a  high-value  resistor  connected  between 
the  grid  and  ground. 

General  Circuit  Considerations 

In  the  discussions  which  follow, 
the  frequency  (f3)  is  that  value  at  which 
the  high-frequency  response  begins  to 
fall  off.  The  frequency  (fi)  is  that  value 
at  which  the  low-frequency  response 
drops  below  a  satisfactory  value,  as 
discussed  below.  A  variation  of  10  per 
cent  in  values  of  resistors  and  capaci¬ 
tors  has  only  slight  effect  on  perform¬ 


ance.  One-half-watt  resistors  are  usually 
suitable  for  R^,  Rg,  Rp,  and  Rk  resistors. 
Capacitors  C  and  C&t  should  have  a 
working  voltage  equal  to  or  greater 
than  Ebb.  Capacitor  Ck  may  have  a  low 
working  voltage  in  the  order  of  10  to 
25  volts. 


Triode  Amplifier 

Heater-Cathode  Type 

Capacitors  C  and  Ct  have  been 
chosen  to  give  an  output  voltage  equal 
to  0.8  Eo  for  a  frequency  (f3)  of  100 
cycles.  For  any  other  value  of  fi,  multi¬ 
ply  values  of  C  and  Ck  by  100/L.  In 


EJbb  ~ 


Diagram  No.  1 

the  case  of  capacitor  Ck,  the  values 
shown  in  the  charts  are  for  an  amplifier 
with  dc  heater  excitation;  when  ac  is 
used,  depending  on  the  character  of  the 
associated  circuit,  the  gain,  and  the 
value  of  fi,  it  may  be  necessary  to  in¬ 
crease  the  value  of  Ck  to  minimize 
hum  disturbances.  It  may  be  desirable 
to  operate  the  heater  at  a  positive  volt¬ 
age  of  from  15  to  40  volts  with  respect 
to  the  cathode.  The  voltage  output  at 
fi  of  “n”  like  stages  equals  (0.8)n  X  Eo, 
where  Eo  is  the  peak  output  voltage  of 
final  stage.  For  an  amplifier  of  typical 
construction,  the  value  of  f3  is  well 
above  the  audio-frequency  range  for  any 
value  of  Rf. 
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Pentode  Amplifier 

Heater-Cathode  Type 
Capacitors  C,  Ck,  and  Cgs  have 
been  chosen  to  give  an  output  voltage 
equal  to  0.7  X  Eo  for  a  frequency  (fi) 
of  100  cycles.  For  any  other  value  of 
fx,  multiply  values  of  C,  Ck,  and 
by  100/ft.  In  the  case  of  capacitor  Ck, 
the  values  shown  in  the  charts  are  for 


an  amplifier  with  dc  heater  excitation; 
when  ac  is  used,  depending  on  the 
character  of  the  associated  circuits,  the 
voltage  gain,  and  the  value  of  ft,  it 
may  be  necessary  to  increase  the  value 
of  Ck  to  minimize  hum  disturbances. 
It  may  be  desirable  to  operate  the 
heater  at  a  positive  voltage  of  from 
15  to  40  volts  with  respect  to  the 
cathode.  The  voltage  output  at  fi  for 
“n”  like  stages  equals  (0.7)n  X  Eo  where 
Eo  is  peak  output  voltage  of  final  stage. 
For  an  amplifier  of  typical  construc¬ 
tion,  and  for  RP  values  of  0.1,  0.25, 
and  0.5  megohm,  approximate  values 
of  f2  are  20000,  10000,  and  5000  cycles 
per  second,  respectively. 
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a  Coupling  capacitors  should  be  selected  to  give  desired  frequency  response.  Cathode  resistors 

should  be  adequately  bypassed. 


•  One  triode  unit 


*  Peak  volts. 
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0.022 

1.7 

0.003 

25 

75 

0.47 

2.2 

1.9 

7000 

0.023 

1.7 

0.002 

28 

87 

0.1 

0.1 

0.35 

700 

0.060 

7.4 

0.020 

24 

39 

0.1 

0.22 

0.35 

700 

0.062 

7.3 

0.012 

28 

56 

0.1 

0.47 

0.35 

700 

0.064 

7.2 

0.006 

33 

65 

0.22 

0.22 

0.80 

1200 

0.045 

5.5 

0.010 

24 

65 

180 

0.22 

0.47 

0.80 

1200 

0.046 

5.3 

0.005 

31 

87 

0.22 

1.0 

0.80 

1200 

0.048 

5.2 

0.003 

34 

101 

0.47 

0.47 

1.9 

2500 

0.033 

3.5 

0.005 

27 

98 

0.47 

1.0 

1.9 

2500 

0.034 

3.4 

0.003 

32 

122 

0.47 

2.2- 

1.9 

2500 

0.035 

3.3 

0.002 

37 

140 

0.1 

0.1 

0.35 

300 

0.075 

10.8 

0.020 

25 

51 

0.1 

0.22 

0.35 

300 

0.077 

10.6 

0.012 

32 

68 

0.1 

0.47 

0.35 

300 

0.080 

10.5 

0.006 

35 

83 

0.22 

0.22 

0.80 

600 

0.056 

7.9 

0.010 

28 

81 

300 

0.22 

0.47 

0.80 

600 

0.057 

7.5 

0.005 

37 

109 

0.22 

1.0 

0.80 

600 

0.058 

7.4 

0.003 

41 

123 

0.47 

0.47 

1.3 

1200 

0.044 

5.3 

0.005 

34 

125 

0.47 

1.0 

1.3 

1200 

0.046 

5.2 

0.003 

42 

152 

0.47 

2.2 

1.3 

1200 

0.047 

5.1 

0.002 

48 

174 

0.047 

0.047 

1800 

2.9 

0.060 

~~T 

10 

0.047 

0.1 

_ _ 

2100 

2.4 

0.033 

12 

11 

0.047 

0.22 

_ 

2200 

— 

2.3 

0.016 

14 

21 

0.1 

0.1 

_ _ 

3200 

— 

1.8 

0.027 

10 

12 

90 

0.1 

0.22 

_ _ _ 

3900 

— 

1.3 

0.015 

13 

13 

0.1 

0.47 

_ _ , 

4300 

— 

1.0 

0.007 

16 

13 

0.22 

0.22 

_ 

6200 

_ . — 

0.87 

0.015 

12 

13 

0.22 

0.47 

_ 

8100 

— 

0.53 

0.006 

16 

13 

022 

1.00 

— 

9000 

■  — 

0.49 

0.003 

19 

14 

0.047 

0.047 

1200 

3.5 

0.063 

21 

12 

0.047 

0.1 

_ _ 

1600 

■■  . — 

2.6 

0.033 

29 

13 

0.047 

0.22 

_ _ 

1800 

■  2.4 

0.016 

35 

13 

0.1 

0.1 

_ _ 

2200 

. — 

1.9 

0.031 

26 

13 

180 

0.1 

0.22 

_ _ 

2900 

1.35 

0.015 

33 

14 

0.1 

0.47 

, _ 

3400 

— . 

1.1 

0.007 

40 

14 

0.22 

0.22 

_ _ 

4500 

0.92 

0.015 

28 

14 

022 

0.47 

6400 

— 

0.61 

0.006 

39 

14 

0.22 

1.00 

— 

8200 

— 

0.52 

0.003 

47 

14 

0.047 

0.047 

1100 

T . 

3.9 

0.063 

42 

13 

0.047 

0.1 

1500 

_ 

2.8 

0.033 

65 

13 

0.047 

0.22 

, — 

1700 

— 

2.5 

0.016 

71 

14 

0.1 

0.1 

, _ 

2000 

2.1 

0.032 

45 

15 

300 

0.1 

0.22 

3400 

, _ 

1.4 

0.015 

74 

15 

0.1 

0.47 

_ 

3700 

*  — 

LI 

0.007 

83 

15 

0.1 

0.22 

4300 

0.97 

0.015 

50 

15 

0.22 

0.47 

_ _ 

7200 

0.63 

0.007 

88 

15 

0.22 

1.00 

— 

7400 

— 

0.63 

0.003 

94 

15 

© 

As  Pentode: 

5879 


See  Circuit 
Diagram  2 


As  Triode: 

5879 


See  Circuit 
Diagram  1 


#  Peak  volts 
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6FQ7/6CG7 

6FQ7 

6SN7GTB* 

8FQ7/8CG7 

8FQ7* 

12SM7GTA* 

See  Circuit 
.Diagram  1 


3AV6 

4AV6 

mm 

8EU7* 

12AV6 

12AX7A* 

20EZ7* 

7025* 

See  Circuit 
Diagram  I 


Resistance-Coupled  .  Amplifiers 
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♦  Peak  volts.  , 


513 


Outlines 


-I-  —2—  -3-. 

Y  X 
U  2-5/8  2-1/16 
2B  3-1/4  2-11/16 


^£>455  r>w$ 


/  SMALL-BUTTON 
MINIATURE  7-PIN 


-5- 

x  v  i 

5A  1-5/8  1-3/8  1  ±  3/32 

5B  1-3/4  M/2  1-1/8  ±  3/32 

5C  2-1/8  1-7/8  1-1/2  ±3/32 
50  2-5/8  2-3/8  2  ±  3/32 

5E  2-3/8  2-1/8  1-3/4  ±  3/32 


Z  SMALL -BUTTON 
MINIATURE  9-PIN 


u 

-6- 
X  Y 

1-3/4  M/2 

6B 

2-3/16  1-15/16 

60 

2-13/32  2-5/32 

6D 

2-7/J6.  2-13/16 

6E 

2-5/8  2-3/8 

6F 

2.3/4  2-1/2 

6G 

3-1/16  2-13/16 

6H 

3-1/8  2-7/8 

GJ 

2  1-3/4 

6K 

2-7/16  2-3/16 

6A 

t 

M/8  ±  3/32 

6B 

1-9/16  ±  3/32 

60 

1-25/32  ±  3/32 

6D 

1-13/16  ±  3/32 

6E 

2  ±  3/32 

6F 

2-1/8  ±  3/32 

6G 

2-7/16  ±  3/32 

BH 

2-1/2  ±  3/32 

61 

— 

GK 

1-29/32 

GL 

— 

AH  measurements  in  incises. 
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X 

7A  2-27/32 
7B  3-1/16 
78  3-9/32 

7C  3-1/2 
7E  2-17/32 
7F  2-29/32 


Y 

2-7/16  dr  1/8 
2-15/32  MAX. 
2-7/8  dr  1/8 
3-1/4  MAX. 
2-1/8  dr  1/8 
2-5/8  MAX. 


8A 

8B 


X  'Y 
1.875  1.250-1.500 
2.375  1.750-2.000 


8C  2.625  2.000-2.250 
30  2.875  2.250-2.500 
8E  3.050  2.770  MAX. 


X  Y 

9A  3.375  2.750-3.000 

98  3.625  3.000-3.250 

9C  4.110  3.766  MAX. 


-10- 


X  Y  t 

10A  2.630  2.320  1.770-2.010 
108  2.900  2.620  2.070-2:310 
10C  2.930  2.620  2.070-2.310 
100  3.230  2.920  2.370-2.610 
10E  4.125  3.750 
10F  3.110  2.730 
I'M  3.080  2.770 


11A 

118 


11C 


ItO 


11E 


X  Y 
3.000  2.620 
3.080  2.700 
3.110  2.730 
3.410  3.010 
2.960  2.580 


t 

2.100-2.280 

2.050-2.230 

2.210-2.390 

2.510-2.690 

2.060-2.240 


All  measurements^  ouches. 
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X  Y  t 

2- 7/8  2-5/16  1-9/32 

3  2-7/16  1-9/32 

3-1/16  2-1/2  1-9/32 

3-5/16  2-3/4  1-5/16 

3- 3/8  2-13/16  1-9/32 

3- 7/16  2-7/8  1-9/32 

3-13/16  3-1/4  1-9/32 

4- 3/16  3-9/16  1-3/16 


-14- 

- 

X 

Y 

Z 

14  A 

3-5/16 

2-3/4 

1-5/16 

14B 

3-9/16 

3 

1-9/32 

140 

3-5/8 

3-7/8 

3-1/16 

1-9/32 

14D 

3-5/16 

1-9/32 

14E 

4-1/16 

3-1/2 

1-9/32 

14F 

3-13/16 

3-1/4 

1-9/32 

DUODECAR  12-PIN 


H5- 
X  Y 

15A  2.875  2,250-2.500 
158  3.375  3.000  MAX. 
15C  3.625  3.000-3.250 
15D  3.125  2.750 


DUODECAR  12-PIN 
H6- 

X  Y  2 

16A  3.625  3.000-3.250  1.563 
16B  4.125  3.500-3.750  1.563 
16C  4.875  4.250-4.500  1.563 
16D  4.375  4.000  MIN.  1.563 


X  Y  Z 

17A  3.180  2.800  2.280-2.460 
17B  3.410  3.030  2.510-2.690 
170  4,160  3.780  3.260-3.440 
17D  3.550  3.170 
1JE  3..710  3.330  2.810-2.900 


-18- 
X  Y 

18A  3.55  3.04  db  0.13 
18B  4.60  4.09  dr  0.13 


M  measurements  In  inches. 
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-19- 


x  y  z 

13A  3-9/16  3  1-9/32 

19B  3-7/8  3-5/16  1-13/32 

19C .  4  3-7/16  1-13/32 

190  4-1/4  3-11/16  1-3/8 

19E  4-5/8  4-1/16  1-3/8 

19F  4-5/8  4-1/16  1-5/8' 

19G  4-3/4  4-3/16  1-11/16 

19H  5-3/16  4-5/8  1-3/8 


SMALL-SHELL 
SMALL  4-t  5-  6-,  OR  7-PIM 

— 24- 

X  Y 

24A  4-15/16  4-3/16  ±  1/8 

248  4-17/32  3-25/32  ±:  1/8 


A!!  measurements  in  inches. 


MEDIUM-SHELL 
SMALL  4-,  5-,  OR  6-  PIN; 
MEDIUM  7-PIN 
-26~ 


TV 


OCTAL  OR  SMALL-SHELL 
SMALL  4-  5-,  6-  OR  7- 
PIN 


-27- 


X  Y 

m  5-1/8  4-3/8  rib  3/16 

278  5-3/8  4-9/16  ±3/16 


2SA 

MAX. 

LENGTH 

MAX. 

DIAMETER 

1-3/4 

0.4 

29B 

1-3/4 

1-5/16 

2SC 

2-5/16 

1-5/16 

29D 

2-5/8 

M/16 

29E 

2-7/8 

1-5/16 

29F 

3 

1-5/16 

29G 

3-7/16 

1-15/16 

zm 

4 

1-3/16 

29J 

4-7/8 

1-9/16 

29K 

5-1/32 

1-13/16 

291 

6-1/4 

2-7/16 

zm 

3-15/32 

1-7/16 

-29- 


-30- 
X  Y 

30A  2.380  2.000 
308  3.005  2.625 
30C  3.080  2.700 
30D  3-110  2.730 


*H  measurements  in  inches. 
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—31— 

X  Y 

31 A  2.880  2.500 
31B  3.130  2.750 
31 D  3.880  3.500 


-32- 

X  Y 

32  3.505  2.875-3.125 

32 IK  4.130  3.500-3.750 


z-m 
-33- 
X  V 

33A  3.06  Max  2.52-2.68 
All  measurements  jin  inches. 
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Circuits 


THE  circuits  included  in  this  Man¬ 
ual  illustrate  some  of  the  more 
important  applications  of  RCA  re¬ 
ceiving  tubes;  they  are  not  nec¬ 
essarily  examples  of  commercial 
practice.  These  circuits  have  been 
conservatively  designed  and  are  ca¬ 
pable  of  excellent  performance.  The 
brief  description  provided  with  each 
circuit  explains  the  functional  rela¬ 
tionships  of  the  various  stages  and 
points  out  intended  applications,  ma¬ 
jor  performance  characteristics,  and 
significant  design  features  of  the 
over-all  circuit.  Detailed  descriptive 
information  on  individual  circuit 
stages  (for  example,  amplifiers,  de¬ 
tectors,  or  oscillators)  is  given  in  the 
section  on  Electron-Tube  Applica¬ 
tions  earlier  in  this  Manual,  as  well 
as  in  many  textbooks  on  electron- 
tube  circuits. 

Electrical  specifications  are  given 
for  circuit  components  to  assist  those 
interested  in  home  construction.  Lay¬ 
outs  and  mechanical  details  are  omit- 
ed  because  they  vary  widely  with  the 
requirements  of  individual  set  build¬ 
ers  and  with  the  sizes  and  shapes  of 
the  components  employed. 

Circuits  designed  for  operation 
from  both  ac  and  dc  voltage  sup¬ 
plies  should  be  installed  in  non-me- 
tallie  cabinets  or  properly  insulated 
from  metallic  cabinets.  Potentiome¬ 
ter  shafts  and  switches  should  make 
use  of  insulated  (plastic)  knobs.  In 
practical  use,  no  metallic  part  of  an 
“ac/ dc”  chassis  should  be  exposed  to 
touch,  accidental  or  otherwise.  When 
such  circuits  are  tested  outside  of 
their  cabinets,  a  line  isolation  trans¬ 
former  such  as  the  RCA  WP-25A 
Isotap  should  be  used. 


Performance  of  these  circuits  de¬ 
pends  as  much  on  the  quality  of  the 
components  selected  and  the  care  em¬ 
ployed  in  layout  and  construction  as 
on  the  circuits  themselves.  Good 
signal  reproduction  from  receivers 
and  amplifiers  requires  the  use  of 
good-quality  speakers,  transformers, 
chokes,  and  inp\xt  sources  (micro¬ 
phones,  phonograph  pickups,  etc.). 

Coils  for  the  receiver  circuits 
may  be  purchased  at  local  parts  deal¬ 
ers  by  specifying  the  characteristics 
required:  for  rf  coils,  the  circuit  po¬ 
sition  (antenna  or  interstage),  tun¬ 
ing  range  desired,  and  tuning  ca¬ 
pacitances  employed;  for  if  coils  or 
transformers,  the  intermediate  fre¬ 
quency,  circuit  position  (1st  if,  2nd 
if,  etc.),  and,  in  some  cases,  the 
associated  tube  types;  for  oscillator 
coils,  the  receiver  tuning  range,  the 
intermediate  frequency,  the  type  of 
converter  tube,  and  the  type  of  wind¬ 
ing  used  (tapped  or  transformer- 
coupled). 

The  voltage  ratings  specified  for 
capacitors  are  the  minimum  dc  work¬ 
ing  voltages  required.  Paper,  mica, 
or  ceramic  capacitors  having  higher 
voltage  ratings  than  those  specified 
may  be  used  except  insofar  as  the 
physical  sizes  of  such  capacitors  may 
affect  equipment  layout.  However,  if 
electrolytic  capacitors  having  sub¬ 
stantially  higher  voltage  ratings  than 
those  specified  are  used,  they  may  not 
“form”  completely  at  the  operating 
voltage,  with  the  result  that  the  ef¬ 
fective  capacitances  of  such  units  may 
be  below  their  rated  value.  The  watt¬ 
age  ratings  specified  for  resistors  as¬ 
sume  methods  of  construction  that 
provide  adequate  ventilation;  com- 
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pact  installations  having  poor  venti¬ 
lation  may  require  resistors  of  higher 
wattage  ratings. 

Circuits  which  work  at  very  high 
frequencies  or  which  are  required 
to  handle  very  wide  bandwidths  de¬ 
mand  more  than  ordinary  skill  and 
experience  in  construction.  Place¬ 
ment  of  component  parts  is  quite 
critical  and  may  require  considerable 
experimentation.  All  rf  leads  to  com¬ 
ponents  including  bypass  capacitors 
must  be  kept  short  and  must  be  prop¬ 


erly  dressed  to  minimize  undesirable 
coupling  and  capacitance  effects.  Cor¬ 
rect  circuit  alignment  and  oscillator 
tracking  may  require  the  use  of  a 
cathode-ray  oscilloscope,  a  high-im¬ 
pedance  vacuum-tube  voltmeter,  and 
a  signal  generator  capable  of  sup¬ 
plying  a  properly  modulated  signal 
at  the  appropriate  frequencies.  Un¬ 
less  the  builder  has  had  considerable 
experience  with  broad-band,  high- 
frequency  circuits,  he  should  not 
undertake  the  construction  of  such 
circuits. 


LIST  OF  CIRCUITS  Page 


25-1 

25-2 

AC /DC  Superheterodyne  Radio  Receiver  . 

AM/FM  Superheterodyne  Radio  Receiver  . 

A 

25-5 

25-6 

n 

Three-Stage  IF  Amplifier/ Limiter  and  Detector  . 

Preamplifier  for  Amateur  Receiver  (21-,  30-,  and  50-MHz  Ama- 
teur  Bands  and  27-MHz  Citizens  Band)  . . . 

25-8 

25-9 

Citizens-Band  Transceiver  (26.965  to  27.255  MHz) 
Intercommunication  Set  (With  Master  Unit  and  Two  < 

or  More 

Re- 

2540 

High-Fidelity  Audio  Amplifier  (Class  ABi;  Power 

Output, 

15 

25-11 

High-Fidelity  Audio  Amplifier  (Class  ABr,  Power 

WnttA  . 

Output, 

30 

25-12 

High-Fidelity  Audio  Amplifier  (Class  ABi;  Power 

Output, 

50 

25-13 

Two-Channel  Stereophonic  Amplifier  (Power  Output, 

1  Watt  Each 

2544  Microphone  and  Phonograph  Amplifier  (Power  Output,  8  Watts) 

2545  Two-Channel  Audio  Mixer  . . . 

2546  Phonograph  Amplifier  (Power  Output,  1  Watt)  . 

2547  Preamplifier  for  Magnetic  Phonograph  Pickup 

(With  RIAA  Equalization)  . .  . . 

2548  High-Fidelity  Preamplifier  for  Tape-Head  Pickup 

(With  NARTB  Equalization)  . . 

2549  Preamplifier  for  Ceramic  Phonograph  Pickup 

(Cathode-Follower  Output)  ...  . . .  . . . . . 

25-20  Low-Distortion  Preamplifier  (For  Low-Output,  High-Impedance 
Microphones)  . . . 
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534 

536 

538 

540 

544 

546 

548 

550 

552 

554 

556 

557 

558 
560 
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25-21  Bass  and  Treble  Tone-Control  Amplifier  .  564 

25-22  Sine-  Square-Wave  Audio  Signal  Generator  .  566 

25-23  Electronic  Volt-Ohm  Meter  . 570 

25-24  Cathode-Ray  Oscilloscope  . 574 

25-25  All-Purpose  Power  Supply  . 578 

25-26  VHF  Tuner  (For  Black-and-White  TV  Receiver)  . 581 

25-27  Video  IF  Amplifiers  and  Sound-Channel  Circuits  (For  Black-and- 

White  TV  Receiver)  . 585 

25-28  Video,  AGC,  and  Sync  Amplifiers,  (For  Black-and-White  TV 

Receiver)  . . .  588 

25-29  Vertical  and  Horizontal  Deflection  Circuits  and  High-Voltage 

Rectifier  (For  Black-and-White  TV  Receiver)  .  591 

25-30  Low-Voltage  and  Heater  Supply  (For  Black-and-White  TV  Receiver)  596 


25-1  AC/DC  SUPERHETERODYNE  RADIO  RECEIVER 
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n  Pc2  =  Printed  circuit;  includes  0,5-  T5Ts  —  AM  if  transformers,  455  kHz  T0  =  Audio  output  transformer,  matches 
megohm,  0.25-watt  resistor  and  470-  Te  =  Ratio-detector  transformer,  10,7  impedance  of  speaker  voice  coil  to 
picofarad  500-volt  capacitor;  RCA  MHz  2500-ohm  tube  load. 

Stock  No.  104328  or  equiv. 
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RCA  Receiving  Tube  Manual 
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See  general  considerations  for  construction  of  high-frequency  and  broadband 
circuits  on  page  519. 
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channel  audio  information  used  to  ode  follower  for  the  L  -f  R  audio  signal-separation  driver  presents  a 

modulate  the  main  carrier  frequency  components  and  the  L  —  R  subcar-  highly  selective  load  to  the  19-kHz 

of  the  receiver.  The  L  —  R  signal  is  rier  sideband  components.  The  L  +  pilot-frequency  component  included 
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Notes:  X.  Resistance  in  ohms  and  capacitance  in  microfarads  unless  otherwise  specified. 

2.  All  resistors  0.5  watt  and  all  capacitors  500  volts  unless  otherwise  specified. 

3.  See  general  considerations  for  construction  of  high-frequency  and  broadband 
circuits  on  page  519. 
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For  15-,  10-,  and  6-Meter  (21,  30-,  and  50-MHz)  Amateur  Bands  and  27-MHz 
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Notes:  1.  Resistance  in  ohms  and  capacitance  in  microfarads  unless  otherwise  specified. 

2.  All  resistors  0.5  watt  unless  otherwise  specified. 

3.  See  general  considerations  for  construction  of  high-frequency  and  broadband 
circuits  on  page  519. 
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Notes?  1.  Any  two  terminals  of  the  secondary  of  Ts  that  give  the  desired  tone  may  be 
selected.  Adjustment  of  volume  control  may  cause  a  slight  change  in  tone. 
2.  Resistance  in  ohms  and  capacitance  in  microfarads  unless  otherwise  specified. 
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25-8  CITIZENS-BAND  TRANSCEIVER  (Cont’d) 


Circuits 
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i.  See  general  considerations  for  construction  of  high-frequency  and  broadband 
circuits  on  page  519. 

FCC  regulations  require  that  the  transmitting  crystals  are  installed  and  the 
operating  frequency  checked  by  or  under  the  supervision  of  a  person  who 
holds  a  second-class  (or  higher)  commercial  radio  operator’s  license. 
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ISotes:  1.  Resistance  in  ohms  and  capaci-  2.  All  resistors  0.5  watt,  ibl0%  un-  4.  If  amplifier  oscillates  or  “motor- 

tance  in  microfarads  unless  other-  less  otherwise  specified,  boats,”  reverse  ground  and  feed- 

wise  specified.  3,  Potentiometers  should  have  audio  back  connections  in  secondary  of 

taper.  output  transformer  Ti. 


HIGH-FIDELITY  AUDIO  AMPLIFIER  Class  AB,;  Power  Output,  50  watts 
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CHANNEL  STEREOPHONIC  AMPLIFIER 

Power  Output,  1  Watt  Each  Channel 


Circuits 
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MICROPHONE  AND  PHONOGRAPH  AMPLIFIER 


Notes:  1.  Resistance  in  ohms  and  capacitance  in  microfarads  unless  otherwise  specified. 

2.  All  resistors  0.5  watt,  ±10%  unless  otherwise  specified. 

3.  Potentiometers  should  have  audio  taper. 
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25-15  TWO-CHANNEL  AUDIO  MIXER 

Voltage  Gain  from  Each  Grid  of  6EU7  to  Output  is  Approximately  20 


556 


RCA  Receiving  Tube  Manual 


This  high-fidelity  mixer  circuit  using  one  section  of  a  6EIJ7  low-  overloading.  The  dc  plate  supply  of 

can  be  used  to  combine  audio-fre-  noise  twin-triode.  Each  section  of  4-250  volts  (nominal  value)  for  the 

queney  program  material  from  two  the  mixer  can  provide  a  voltage  gain  mixer  stages  can  usually  be  obtained 

sources.  Each  signal  channel  consists  of  about  20,  and  can  handle  an  input  from  an  auxiliary  tap  on  the  power 

of  a  one-stage  voltage  amplifier  signal  of  about  0.2  volt  rms  without  supply  for  the  audio  power  amplifiers. 


25-16  PHONOGRAPH  AMPLIFIER 

Power  Output,  1  Watt 


Circuits 


Notes:  1,  Resistance  in  ohms  and  capacitance  in  microfarads  unless  otherwise  specified. 

2.  AH  resistors  0.5  watt  unless  otherwise  specified. 

3.  Potentiometers  should  have  audio  taper. 


25-17  PREAMPLIFIER  FOR  MAGNETIC  PHONOGRAPH  PICKUP 

With  RIAA  Equilization 


lotes:  1.  Resistance  in  ohms  and  capacitance  in  microfarads  unless  otherwise  specified. 

2.  AH  resistors  0.5  watt,  :£i0%  unless  otherwise  specified. 

3.  Value  of  input  resistor  depends  on  type  of  magnetic  pickup  used.  Follow 
pickup  manufacturer’s  recommendations. 

4.  Value  shown  for  capacitor  Cs  includes  capacitance  of  amplifier  output  cable. 


25-17  PREAMPLIFIER  FOR  MAGNETIC  PHONOGRAPH  PICKUP  (Cont’d) 


Circuits 
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amplifier  can  usually  be  obtained  preamplifier  may  be  used  at  distances  (RIAA)  characteristic  for  discs  and 

from  the  power-supply  circuit  for  the  up  to  6  feet  from  the  following  am-  the  NARTB  characteristic  for  mag- 

power  amplifier.  plifier  provided  that  the  capacitance  netic  tape. 


HIGH-FIDELITY  PREAMPLIFIER  FOR 


25-18  HIGH-FIDELITY  PREAMPLIFIER  FOR  TAPE-HEAD  PICKUP  (Cont’d) 


Circuits 
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25-19  PREAMPLIFIER  FOR  CERAMIC  PHONOGRAPH  PICKUP 

Cathode  Follower  (Low-Impedance)  Output 


562 


RCA  Receiving  Tube  Manual 
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25-20  LOW-DISTORTION  PREAMPLIFIER 

For  Low-Output,  High-Impedance  Microphones 


Circuits 


56B 


Notes:  1.  Resistance  in  ohms  and  capacitance  in  microfarads 
less  otherwise  specified. 

2.  All  resistors  0,5  watt  unless  otherwise  specified. 


25-21  BASS  AND  TREBLE  TONE-CONTROL  AMPLIFIER 


Sensitivity  =  0.5  volt  rms  input  for  output  of  1.25  volts  with  controls  set  for  flat 

Notes:  1.  ReSstanc^in  ohms  and  capacitance  in  microfarads  unless  otherwise  specified. 

2.  All  resistors  0.5  watt  unless  otherwise  specified. 

3.  Potentiometers  should  have  audio  taper. 


25-21  BASS  AND  TREBLE  TONE-CONTROL  AMPLIFIER  (Cont'd) 


Circuits 
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25-22  SINE-  SQUARE-WAVE  AUDIO-SIGNAL  GENERATOR 


566 


RCA  Receiving  Tube  Manual 


Circuits 


567 


DC  voltages  shown  are  measured  between  points  indicated  and  ground  with  a 
vacuum-tube  voltmeter. 


25-22  SINE-  SQUARE-WAVE  AUDIO-SIGNAL  GENERATOR  (Cont’d) 


568 


RCA  Receiving  Tube  Manual 
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aenection  circuits  are  synchronized  horizontal-deflection  circuit  to  obtain  positive  portion  of  the  differentiated 

by  negative  signals  from  the  sync  negative  and  positive  voltage  spikes  waveform  has  no  effect  on  the  dis- 

amphner  (separator)  which  include  which  correspond  to  the  leading  and  criminator  network.  The  negative 

horizontal  sync  pulses,  equalizing  lagging  edges,  respectively,  of  the  portion  is  compared  with  a  feedback 


25-29  VERTICAL-  AND  HORIZONTAL-DEFLECTION  CIRCUITS 
AND  HIGH-VOLTAGE  RECTIFIER  (Cont'd) 


592 


RCA  Receiving  Tube  Manual 


TO  INNER  COATING  OF  PICTURE  TUBE 


25-29  VERTICAL-  AND  HORIZONTAL-DEFLECTION  CIRCUITS 
AND  HIGH-VOLTAGE  RECTIFIER  (Cont’d) 


Circuits 


593 


-K  2?  < 

S  O'  r  X 

3  S  £ 1 

■  O 


O  q>  ^  . 
K  E  >  o  O 

“£  §6  m 

ss»>? 

H  £  8  III 


W  P  -P  3 

J|  g  3 

3  S-S.3 

.Ai4a  03 
O  >  £  g< 

R^fg 

gcw 

g's“  S, 

C  ^  C  rj  ' 

o  7v  o  -4J  ' 
N  §*  o 

Jh  o  Sj  d) 

o  o 


CD  ^  Q> 

*JSS 

vC  2  S4  c  * 

4~>  !h  n 

■g  d  *:§• 
a  e  S  2i 

.Shop 


■JtH  O  r 

roo  » 

}  OT  rH 


<L)  ^  4J  3 

$8  p  2  g 

%'S 

73  g  ro  n. 

gip  ?  a  ot 

p  a  p  .o  Ci 

CD  CS.4J  C 

>33  o  p 

a?  o  P  & 

P  P  biD  to  5J, 

-w|-2  ° 

1  i  1 1  s 

.£  o  p  &  o 


_  n  <u  '  rr 

G  .1  H  il  © 

Cti  Q  O  ggj 


G  cu 

ra  xl  ‘H  G.W 

•«  *  £  5 


,„  (<  u  c  u 

£  *  3  *  S 


*1&S 

i  ’-g  S  73 
5  o  B  o 

r-H  CQ 

>  »  o 

3  .OT  W 
|  j  y  gj 

^  c  ■£ 
,300 
43  N  '5 


i  c  s  ® 

s.spsg 

m  ...  ^ 


'  73  O  73 

g  gg  ® 

^  ~T  o 

73  43  cd 

,>  <3  r-T  <3 

'S  S  *y  o 

2  g  0  8 

£  !»>  >^40 
OT  o  -T3 

Tp  ts  n  3 

Q)  0>  O 

3  d  3  Ih 

&-S  o*-g. 

rJ  o> 
8j«iO 

1  d  ■  j 
0)  3  o!h 
73  P  r-H 
O  J,  JD 
rC  ^  03  33 
73  CD  73 

•03  4h  ®  S 

O  ^  CD  Kj 
»p  “co  a 

0<C 

Ill®' 


,rt  o  g 
2+J  ■£ 
43  w  § 

SH  w  ,2 
0  ° 

®7.  s 

^*2  ■§ 
<D  05  -P 

J3  ot  ■:« 

33  CD 
■P  >; 

rd  04  O 
-p  d  d 
’S  o  a) 
^  ot  3 

0)  w 
ot  t..i  y 


Is  P'S 

'la?  S'  S 

(SJOBhK 


—  Sa 
8  .a  |  d  1 

Hh  0^  rrs  G 

a  vo  ,|  «  'C 

o  3  ■“■<«< 
^  ^  & 


a  ,s  ^ 

■S-sJ 

o  C 

N  O  Q> 
*!3  ^  rC 
£  rC  +3 
2  o 

rC  C  <P 
CD  *>  ° 


2 

w  a) 

OT  Gt 

e  STot 

O  (D 
y|7  rj 


rd  d 

S  53  (3 

O  P 

P  CD  QH 

«H  >  (D 

73 

Oj  o^1 
C  "d  <D 
fed  A  pp 
’ot  -p  H 


■  ^rtg 

JlQ 

73  d  ^ 
OlO 
C3  N  H 


:o)  ^  0 

^  -p  ’ 

2  J  §■ 

g|  m. 

3  ©  ID* 

•g'nS 

3;  CD  73  p 
C3  rd  , 

O  -P  P 


error  voltage  at  the  control  grid  of  horizontal  oscillator.  The  HOLD  con-  tween  the  saturation  plate  voltage 

the  input  section  of  the  8FQ7  twin  trol  adjusts  the  basic  multivibrator  and  B+  (i.e.,  the  cutoff  plate  volt- 

triode  used  in  the  oscillator  stage.  frequency  to  achieve  an  exact  lock-  age). 

The  resultant  change  in  oscillator 
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Notes:  1.  Resistance  in  ohms  and  capacitance  in  microfarads  unless  otherwise  specified. 
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Cathode-Ray  Oscilloscope  . .  574 

Characteristic  Curves,  Interpretation  of  94 
Characteristics : 

amplification  factor  . 13 

control-grid-plate  transconductance  .  34 

conversion  transconductance  .  14 

dynamic  . . 13 

plate  resistance  . 13 

static  . . 13 
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Interelectrode  Capacitances  . . .  7,  94 

Intermodulation  Distortion  . .  49 

Interpretation  of  Tube  Data  . . . 91 

Inverse  Feedback: 

constant-current  type  .  40 

constant-voltage  type  .  38 

Key:  Basing  Diagrams.  Inside  Back  Cover 
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Load  resistance  .  31 
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interference  from  . 87 
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Mixer : 
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Phonograph  and  Tape  Preamplifiers  ...  43 

Picture  Tube: 

characteristics  chart  ; . . . .  495 

corona  considerations  ... . - 90 

deflection  . . 10 

dust  considerations  . 90 

essential  elements  .  10 

handling  precautions  . . .. . .  90 

high-voltage  considerations  .  89 

humidity  considerations  . . .  89 

safety  considerations  . . 90 

screen  .  10 

structure  . . . . .  10 

x-ray  radiation  precautions .  90 

Plate: 

current  . 5 

dissipation  . 92 

efficiency  . 14 

load  . . 21 

resistance  . . 13 

voltage  supply  . 81 

Plate-Cathode  Capacitance  .  7, 94 

Power  Output: 

calculations  .  29 

test  . . 500 

Power  Sensitivity  .  14 

Pov/er  Supply  . 578 

Preamplifier  for  Amateur  Receiver  ....  536 

Preamplifier  for  Ceramic  Phonograph 

Pickup  . 562 

Preamplifier  for  Magnetic  Phonograph 

Pickup  . . . 558 

Preamplifier  for  Tape-Head  Pickup  ...  560 

Preamplifiers,  Phonograph  and  Tape  ...  43 

Push-Pull  Operation  . 28,  31 

Q  (selectivity)  . 52 

Radio-Frequency : 

amplifier  .  25,  52 

filter  . 87 

Radio  Receiver  . . 15 

Ratings: 

absolute-maximum  system  .  91 

design-center  system  . .  91 

design-maximum  system  ...........  91 

Ratio  Detector  . 24 

Rectification  . 17 

Rectifiers : 

full-wave . . . 5,  17 

half-wave  . 5,  17 

ionic-heated  cathode  .  6 

parallel  operation  of  .  18 

plate-characteristics  curves  . .  94 

voltage  doubler  . . . . . 18 

Relaxation  Oscillator  . . . . . 72 

Remote-Cutoff  Tubes  . 27 

Resistance-Coupled  Amplifiers  .  26 

Resistance  Coupling  . . 26 

Resistor: 

cathode  (self -biasing)  .  82 

center  tap  . . . . . . 80 
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filament  . . 80 

plate  load  . 31 

screen-grid  . . . 85,95 

Resonant  Circuits  . . 52 

Saturation  Current  . 5 

Scanning  Fundamentals  . 61 

Screen  Grid  (Grid  No.2) : 

considerations  . 7 

input  . 95 

voltage  supply  . 84 

Secondary  Electrons  . . 8,  9 

Secondary  Emission  . . 8 

Selectivity  (Q)  . 52 

Self  Bias  (cathode  bias)  . 82 

Shielding  . 85 

Short-Circuit  Test  . 500 

Signal  Generator  . .  566 

Signal-to-Noise  Ratio  . 54 

Space  Charge  . 5,  9 

Static  Characteristics  .  13 

Stereo  Circuits  , . . . .  531,552 

Superheterodyne  Receiver  (ac/dc)  .  522 

Suppressor  Grid  (Grid  No.3)  .  8 

Sync  . 62 

Sync  Circuits  .  62 

Sync  Separator  . 63 

Synchroguide  . 73 

Synchronous  Detection  . 70 

Technical  Data  for  Tube  Types .  105 

Television: 

color  demodulation  . 69 

horizontal  deflection  . . .  66 

if  amplifiers  . .  57 

picture  tubes  .  10, 89 

receiver  .  16 

rf  amplifiers . 56 

scanning  .  81 

sync  circuits  .  62 

vertical  deflection  . 68 

Testing  Electron  Tubes  . . . .  500 

Tetrode  Considerations  . .  7 

Three-Stage  IF  Amplifier/ Limiter 

and  Ratio  Detector  . 534 

Tone-Control  Amplifier  Stage .  564 

Tone  Control  .  45 

Transceiver,  Citizens-Band  .  540 

Transconductance : 

conversion  .  14 

grid-plate  .  14 

test  . 501 

Triode  Considerations  . .  6 

Tube:  , 

outlines  . 513 

ratings,  interpretation  of  . ; . . . .  91 

tester  requirements  . .  502 

Tube  Types,  Technical  Data  . .  105 

Tuned  Amplifiers  . 52 

Tuner,  FM  .  528 

Tuners,  Television  .  56 

Tuning  Indicators . . . 77 

TV  Scanning,  Sync,  and  Deflection  ....  61 
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Twin  diode-inode  . . . , . 20 

Two-Channel  Audio  Mixer  .  556 

Two-Channel  Stereophonic  Amplifier  . . .  552 

Typical  Operation  Values, 

Interpretation  of .  94 

Vertical  and  Horizontal  Deflection 

Circuits  and  High  Voltage  Rectifier  591 

Vertical  Deflection  . 68 

Video  Amplifiers  . . .  58,  60 

Video,  AGC,  and  Sync  Amplifiers  ....  588 

Video  IF  Amplifiers  and  Sound-Channel 

Circuits  . * . . .  585 

VHF  tuner  . . - .  581 

V  oltage : 

amplification,  class  A  . 15 
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doubler  rectifier  . . 18 

peak  heater-cathode  . 92 

peak  inverse  plate  . 93 

supply  . . . 81 

Voltage  Doubler  . . 18 

Volt-Ohm  Meter  . 570 

Volume  Control: 

automatic  (AVC)  . . .  •  46 

by  grid-voltage  variation  . .  83 

by  screen-grid-voltage  variation  ....  85 

delayed  automatic  (DAVC)  . .  47 

Volume  Compressor  and  Expander  ....  50 
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RCA  Technical  Publications 

on  Electron  Tubes,  Semiconductor  Products, 
and  Batteries 


COPIES  of  the  publications  listed 
below  may  be  obtained  from  your 
RCA  distributor  or  from  Commercial 
Engineering,  Radio  Corporation  of 
America,  Harrison,  N,  J. 

Electron  Tubes  * 

rn  RCA  ELECTRON  TUBE  HANDBOOK 

— HB-3  (73/s"  x  55/s").  Five  2%-inch- 
capacity  binders.  Contains  over  7500 
pages  of  looseleaf  data  and  curves  on 
RCA  receiving  tubes,  transmitting  tubes, 
cathode-ray  tubes,  picture  tubes,  photo¬ 
cells,  phototubes,  camera  tubes,  ig- 
nitrons,  vacuum  gas  rectifiers,  traveling- 
wave  tubes,  premium  tubes,  pencil 
tubes,  and  other  miscellaneous  types 
for  special  applications.  Available  on 
subscription  basis.  Price  $20.00*  includ¬ 
ing  service  for  first  year.  Also  available 
with  RCA  Semiconductor  Products 
Handbook  HB-10  at  special  combina¬ 
tion  price  of  $25.00.* 

$  RADIOTRON0  DESIGNER'S  HAND¬ 
BOOK— 4th  Edition  (834"  x  5*4 ")— 
1500  pages.  Comprehensive  reference 
covering  the  design  of  radio  and  audio 
circuits  and  equipment.  Written  for 
the  design  engineer,  student,  and  ex¬ 
perimenter.  Contains  1000  illustra¬ 
tions,  2500  references,  and  cross- 
referenced  index  of  7000  entries. 
Edited  by  F.  Langford-Smith.  Price 
1i7.00.*f 

®  RCA  PHOTOTUBE  AND  PHOTOCELL 

MANUAL— PT-60  (8V4"  x  53/s")— 192 
pages.  Well-illustrated  informative  man¬ 
ual  covering  fundamentals  and  operat¬ 
ing  considerations  for  vacuum  and  gas 
phototubes,  multiplier  phototubes,  and 
photocells.  Also  describes  basic  appli¬ 


cations  for  these  devices.  Features  easy- 
to-use  selection  chart  for  multiplier 
phototubes.  Data  and  performance 
curves  given  for  over  90  photo-sensitive 
devices.  Price  $1.50,*  t  @ 

®  RCA  TRANSMITTING  TUBES— TT-5 
(814"  x  5%") — 320  pages.  Gives  data 
on  over  180  power  tubes  having  plate- 
input  ratings  up  to  4  kw  and  on  as¬ 
sociated  rectifier  tubes.  Provides  basic 
information  on  generic  types,  parts 
and  materials,  installation  and  applica¬ 
tion,  and  interpretation  of  data.  Con* 
tains  circuit  diagrams  for  transmitting 
and  industrial  applications.  Features 
lie-flat  binding.  Price  $1.0Q.*t 

•  RCA  INTERCHANGEABILITY  DIREC¬ 
TORY  OF  INDUSTRIAL-TYPE  ELECTRON 
TUBES— ID-1020-G  ( 10%"  x  8%")— 12 
pages.  Lists  more  than  2500  basic  type 
designations  for  22  classes  of  industrial 
tube  types;  shows  the  RCA  Direct  Re¬ 
placement  Type  or  the  RCA  Similar 
Type,  when  available.  Single  copy  free 
on  request. 

rn  RCA  INDUSTRIAL  RECEIVING-TYPE 
TUBES— RIT  104E  (10%"  x  8%")—  32 
pages.  Concise  technical  data  on  225 
types  used  in  military,  industrial,  and 
commercial  equipment.  Includes  appli¬ 
cation  guide,  chart  of  prototype  versus 
similar  RCA  industrial  types,  inter¬ 
changeability  list  of  domestic  versus 
RCA  replacements,  terminal  diagrams, 
and  socket  and  connector  information. 
Price  30  cents.*  - 

®  RCA  RECEIVING  TUBES  AND  PIC¬ 
TURE  TUBES— 1275M  (10%"  x  83/s") 
— 56  pages.  New,  enlarged,  and  up-to- 
date  booklet  contains  classification  chart, 
application  guide,  characteristics  chart, 
and  base  and  envelope  connection  dia- 
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grams  on  more  than  1300  entertainment 
receiving  tubes  and  picture  tubes.  Price 
40  cents.  *t 

©  RCA  INTERCHANGEABILITY  DIREC¬ 
TORY  OF  FOREIGN  vs.  U.S.A.  RECEIV¬ 
ING-TYPE  ELECTRON  TUBES— ERT- 
197E  (8%"  x  10%")— 8  pages.  Covers 
approximately  800  foreign  tube  types 
used  principally  in  AM  and  FM  radios. 
TV  receivers,  and  audio  amplifiers.  In¬ 
dicates  U.S.A.  direct  replacement  type 
or  similar  type  if  available.  Price  10 
cents,* 

•  RCA  PHOTOCELLS — CSS-800  (1034" 
x  834")— 36  pages.  Contains  a  se¬ 
lection  of  photocell-circuit  diagrams; 
technical  data  and  characteristic  curves 
of  RCA  photoconductive,  photojunc¬ 
tion,  and  photovoltaic  cells;  interchange- 
ability  information.  Also  contains  rep¬ 
resentative  circuits.  Price  40  cents.*! 

m  RCA  NUV1STOR  TUBES  FOR  INDUS¬ 
TRIAL  AND  MILITARY  APPLICATIONS 

-ICE-280  (1034"  x  834") — 16  pages. 
Describes  unique  features  of  nuvistors 
and  includes  tabular  data,  dimensional 
outlines,  curves,  terminal  diagrams,  and 
socket  information.  Price  25  cents.*! 

®  RCA  COMMAND  TUB ES — RIT- 1 05 — 
36  pages.  Detailed  technical  data  for 
six  “command”  types  including  types 
12AT7WA,  5654,  5670,  5751,  5814A, 
and  6136.  These  types  are  intended  for 
use  in  critical  industrial,  aircraft,  and 
other  equipment  requiring  exceptional 
stability  and  reliability  under  severe  en¬ 
vironmental  conditions.  Price  40  cents.* 

®  RCA  NOVAR  TUBES — ICE-31 1 — 12 
pages.  Describes  unique  features  of 
novar  tube  types  and  includes  tabular 
data,  dimensional  outlines,  curves,  and 
terminal  diagrams.  Single  copy  free  on 
request. 

©  RCA  PHOTOMULTIPLIER  AND  IMAGE 
TUBES— PIT-700  (1034"  x  8%")— 36 
pages.  Includes  concise  data  on  RCA 
photomultiplier  tubes,  gas  and  vacuum 
photodiodes,  sockets  and  shields  for 
phototubes,  and  dimensional  outlines 
for  photo  and  image  tubes.  Price  60 
cents.* 
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it  ©  PRODUCT  GUIDE  FOR  RCA  POWER 
e  TUBES — PWR-506A — 32  pages.  Con¬ 
tains  tabulated  data  on  all  RCA  power 
tubes  in  order  of  type  designation  within 
each  general  class  of  service.  Includes 
**  maximum  ratings,  temperature  ratings, 
heater  or  filament  requirements,  outline 
s  drawings,  and  basing  diagrams.  Price  15 
s  cents.* 

[1  •  RCA  INDUSTRIAL  TUBES  PRODUCT 

e  GUIDE— TPG-200  (1034"  x  8%")— 28 
D  pages.  Covers  all  RCA  industrial-tube 
product  lines.  Gives  a  brief  description 
of  each  product  line  together  with  quick- 
n  selection  data.  Single  copy  free  on  re- 
quest. 

;;  ©  RCA  POWER  TUBES  CLASSIFICATION 

_  CHARTS— PWR-504— 12  pages.  Groups 
’  all  power  tube  types  by  their  rated 
classes  of  service  and  lists  them  in  order 
of  power  capability.  Price  15  cents.* 

®  RCA  STORAGE  TUBES  AND  CATHODE- 
£  RAY  TUBES— STC-900A— 16  pages. 

^  Contains  technical  information  on  RCA 

’*  storage  tubes,  special-purpose  kinc- 

®  scopes  and  oscillograph-type  cathode- 

ray  tubes  including  display-storage  tubes, 
a  computer-storage  tubes,  radechons,  scan 
conversion  tubes,  flying-spot  tubes, 
monitor,  projection,  transcriber,  and 
r  view-finder  kinescopes;  as  well  as 

s  data  on  fluorescent  screens.  Price  15 

cents.* 

f  ®  RCA  TRAVELING-WAVE  TUBE  CLASSI- 

\  FICATION  CHARTS— MWD-IOIB— 4 

l1  pages.  Contains  catalog-type  data.  Sin- 

1,"  gle  copy  free  on  request. 

#  RCA  PENCIL  TUBE  CLASSIFICATION 
2  CHARTS— MWD- 102 A— 4  pages.  Con- 

^  tains  catalog-type  data.  Single  copy  free 

r  on  request, 

d 

n  ®  RCA  SOLID-STATE  DEVICE  CLASSIFI¬ 

CATION  CHART  S — MWD- 1 04B— 4 
pages.  Contains  catalog-type  data  for 
E  solid-state  microwave  devices.  Single 

6  copy  free  on  request. 

n  ®  RCA  CAMERA  TUBES— CAM-600A— 

>r  26  pages.  Contains  classification  charts, 

»s  defining  data  and  typical  characteristic 

0  curves  for  RCA  image  orthicons  and 

vidicons.  Camera  tubes  recommended 


RCA  Technical  Publications 

recommended  for  new  equipment  de¬ 
sign  are  high-lighted.  Price  50  cents.* 

•  TECHNICAL  BU LLETI NS— Authorized 
information  on  RCA  receiving  tubes, 
transmitting  tubes,  and  other  tubes  for 
communications  and  industry.  Be  sure 
to  mention  tube-type  bulletin  desired. 
Single-copy  on  any  type  free  on  request. 

Semiconductor  Products 

m  RCA  SEMICONDUCTOR  PRODUCTS 
HAN  D BOOK — -HB-10.  Two  binders, 
each  1W'  L  x  55/s"  W  x  27/s"  D.  Con¬ 
tains  over  1000  pages  of  loose-leaf  data 
and  curves  on  RCA  semiconductor 
devices  such  as  transistors,  silicon  rec¬ 
tifiers,  and  semiconductor  diodes.  Avail¬ 
able  on  a  subscription  basis.  Price 
$10.00*  including  service  for  first  year. 
Also  available  with  RCA  Electron  Tube 
Handbook  HB-3  at  special  combina¬ 
tion  price  of  $25.00 .* 

rn  RCA  SILICON  CONTROLLED  RECTI¬ 
FIER  EXPERIMENTER'S  MANUAL — KM-70 
(8%"  x  5%") — 80  pages.  Contains  14 
practical  and  interesting  control  cir¬ 
cuits  that  can  be  built  with  a  comple¬ 
ment  of  active  devices  available  in  kit 
form.  Includes  photographs,  schematic 
diagrams,  and  descriptive  writeups.  Also 
includes  brief  descriptions  of  solid-state 
components  used  (rectifiers,  transistors, 
SCR’s)  and  short  section  on  trouble¬ 
shooting.  Price  95  cents.  *t 

rn  RCA  TRANSISTOR  MANUAL— SC-12 
(8%"  x  SH") — 480  pages.  Contains 
up-to-date  definitive  data  on  over  630 
semiconductor  devices  including  tunnel 
diodes,  silicon  controlled  rectifiers,  va¬ 
ractor  diodes,  conventional  rectifiers, 
and  many  classes  of  transistors.  Fea¬ 
tures  easy-to-understand  text  chapters, 
as  well  as  tabular  data  on  RCA  discon¬ 
tinued  transistors.  Contains  over  40 
practical  circuits,  complete  with  parts 
lists,  highlighting  semiconductor-device 
applications.  Price  $1.50.*f 

•  RCA  TUNNEL  DIODE  MANUAL— 

TD-30  (83/s"  x  53/s")— 160  pages.  De¬ 
scribes  the  microwave  and  switching 
capabilities  of  tunnel  diodes.  Contains 
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information  on  theory  and  character¬ 
istics,  and  on  tunnel-diode  applications 
in  switching  circuits  and  in  microwave 
oscillator,  converter,  and  amplifier  cir¬ 
cuits.  Includes  data  for  over  40  RCA 
germanium  and  gallium  arsenide  tun¬ 
nel  diodes  and  tunnel  rectifiers.  Price 
$1.50.*t 

©  RCA  SEMICONDUCTOR  PRODUCTS 
GUIDE— SPG-201A  ( 10% "  x  83/s") 
— 20  pages.  Contains  classification 
chart,  index,  and  ratings  and  char¬ 
acteristics  on  RCA’s  line  of  transistors, 
silicon  rectifiers,  semiconductor  diodes, 
and  photocells.  Single  copy  free  on  re¬ 
quest. 

•  RCA  SILICON  RECTIFIERS— 62S25— 6 
pages.  Describes  RCA’s  line  of  diffused- 
junction  rectifiers.  Includes  maximum 
ratings  and  characteristics  plus  rectifier 
circuit  chart  which  shows  voltage  and 
current  relationships  together  with 
waveforms  for  single  and  polyphase 
rectifier  circuits.  Single  copy  free  on  re¬ 
quest. 

©  RCA  SILICON  RECTIFIER  INTER¬ 
CHANGEABILITY  DIRECTORY  —  1CE- 
229A — 16  pages.  Contains  replacement 
information,  ratings,  characteristics,  and 
physical  dimensions  for  more  than  400 
silicon  and  selenium  rectifiers.  Price  25 
cents.* 

rn  RCA  SILICON  POWER  RECTIFIERS— 

62S10— 8  pages.  Contains  technical  data 
on  RCA’s  line  of  diffused-junction  sili¬ 
con  power  rectifiers.  Includes  quick- 
selection  guide  for  stud-type  and  high- 
voltage  “stack”  and  “stick”  type  recti¬ 
fiers.  Single  copy  free  on  request. 

®  RCA  DIFFUSED-JUNCTION  SILICON 
RECTIFIER  STACKS  AND  BRIDGES— SRS- 
300 — 10  pages.  Contains  technical  data 
on  RCA’s  diffused-junction  silicon  recti¬ 
fier  stacks  and  bridges.  Characteristics 
of  basic  rectifier  circuits  are  also  given 
to  assist  in  selection  of  proper  RCA 
rectifier  device.  Price  20  cents.* 

$  RCA  SMALL-SIGNAL  SILICON  N-P-N 
TRANSISTORS— SST-210— 8  pages.  Con¬ 
tains  technical  data  on  2N2102  family 
of  silicon  transistors  including  high- 
voltage  types,  very-high  voltage  types, 
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linear-beta  types,  and  general  types. 
Also  includes  quick-reference  guide. 
Price  20  cents.* 

Integrated  Circuits 

•  RCA  LINEAR  INTEGRATED  CIR¬ 
CUIT  FUNDAMENTALS— (814"  x  5Yb") 
240  pages.  Contains  basic  principals 
involved  in  design  and  application  of 
linear  integrated  circuits — includes  de¬ 
scription  of  silicon  monolithic  fabri¬ 
cation  process — derivation  of  design 
equations  and  performance  criteria — 
schematic  diagrams,  operating  charac¬ 
teristics,  and  performance  data  for 
RCA  (multiple-function  silicon  inte¬ 
grated  circuits  for  a  variety  of  linear 
applications.  Price  2.00*  t 

Batteries 

•  RCA  BATTERY  MANUAL— BDG-l  11 
(lOVa"  x  8%")— 68  pages.  Contains  in¬ 
formation  on  dry  cells  and  batteries 
carbon  zinc,  mercury,  and  alkaline 
types.  Includes  battery  theory  and  ap¬ 
plications,  detailed  electrical  and  me¬ 
chanical  characteristics,  a  classification 
chart,  dimensional  outlines,  and  termi¬ 
nal  connections  on  each  battery  type. 
Price  50  cents.* t 

®  RCA  BATTERIES — BAT-134H  (10%" 
x  8%"- — 36  pages.  Technical  data  on 
146  carbon-zinc,  alkaline,  and  mer¬ 
cury  batteries  for  consumer  and  in¬ 
dustrial  applications.  Includes  replace¬ 
ment  information  for  4000  portable 
radios,  and  cross-references  860  do¬ 
mestic  battery  types  to  their  RCA  re¬ 
placements.  Price  35  cents.  *f 

Test  and  Measuring 
Equipment 

•  INSTRUCTION  BOOKLETS  —  Illus- 
trated  instruction  booklets  are  available 
for  all  RCA  test  instruments  at  the 
prices  indicated  below. 


WA-44A  (Audio  Signal 

Generator)  . .$0.50* 

WA-44C  (Audio  Signal 

Generator)  . 1.00* 

WO-33A  (Super  Portable 

Oscilloscope)  . 1.00* 


WO-88A  (5-in.  Oscilloscope)  ...0.75* 
WO-91A  (5-in.  Oscilloscope)  ...1.00* 


WO-91B  (5-in.  Oscilloscope)  ..  .100* 
WR-36A  (Dot-Bar  Generator)  .0.50* 
WR-46A  (Video  Dot /Crosshatch 


Generator)  . 

.1.00* 

WR-49A  (RF  Signal 

Generator)  . 

.0.50* 

WR-49B  (RF  Signal 

Generator)  . 

.1.00* 

WR-50A  (RF  Signal 

Generator)  . 

.1.00* 

WR-51A  (Stereo  FM  Signal 

Simulator)  . 

.1.00* 

WR-52A  (Stereo  FM  Signal 

Simulator)  . 

.1.00* 

WR-61B  (Color-Bar 

Generator)  . 

.1.00* 

WR-64A  (Color  Bar/Dot/Cross- 
hatch  Generator)  .... 

.1.00* 

WR-64B  (Color/Bar/Dot/Cross- 
hatch  Generator)  .... 

.1.00* 

WR-67A  (Test-Oscillator)  .... 

.0.25* 

WR-69A  (Television/FM  Sweep 
Generator)  . . 

.1.00* 

WR-70A  (RF-IF-VF  Marker 

Adder)  . 

.0.75* 

WR-86A  (UHF  Sweep 

Generator)  . 

.0.50* 

WR-99A  (Marker  Calibrator)  . , 

.1.00* 

WT-100A  (Electron-Tube  Micro 

Mho  Meter)  . . 1.75* 

WT-100A  (Electron-Tube  Micro 
Mho  Meter,  Ser.  No. 

1001  and  over)  . 2.00* 

WT-100A  (Tube  Chart 

ICE-163)  . ....3.00* 

WT-110A  (Automatic  Electron- 

Tube  Tester)  . 0.75* 

WT-110A  (ICE- 174  Card  Punch 

Data)  . . 0.25* 

WT-110A  (ICE-234  Card  Punch 

Data)  . ......1.00* 

WT-115A  (Color  Picture  Tube 

Tester)  . . 0.50* 

WV-37A  (Radio  Battery 

Tester)  . . 0.25* 

WV-37B  (Radio  Battery 

Tester)  . 0.25* 

WV-38A  (Volt-Ohm- 

Milliammeter)  . 0.50* 

WV-65A  (VoltOhmystf  )  0.25* 

WV-74A  (High  Sensitivity 

AC  VTVM)  . 0.75* 


RCA  Technical  Publications 


WV-75A  (VoltOhmystt)  . 0.25* 

WV-76A  (High  Sensitivity 

ACVTVM) . ....0.75* 

WV-77A  (VoltOhmystt)  . 0.25* 

WV-77B  (VoltOhmystt)  . 0.25* 

WV-77E  (VoltOhmystt)  ......1.00* 

VVV-84C  (Ultra-Sensitive  DC 

Microammeter)  . 0.75* 

WV-95A  (Master 

VoltOhmystt)  . 0.25* 

WV-97A  (Senior 

VoltOhmystt)  .......0.75* 
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WV-98A  (Senior 

VoltOhmystt ) 

,,*.,..1.00* 

WV-98B  (Senior 

VoltOhmystt) 

.......1.00* 

WV-98C  (Senior 

VoltOhmystt) 

.  .0.50* 

195-A  (VoltOhmystt)  . 

. 0.25* 

»  Trade  Mark  Reg.  U.S.  Pat.  Off. 

*  Prices  shown  apply  in  U.S. A.  and  are 
subject  to  change  without  notice, 
f  Suggested  price. 
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Reading  List 

This  list  includes  references  of  both  elementary  and  advanced  character. 
Obviously,  the  list  is  not  inclusive,  but  it  will  guide  the  reader  to  other  references. 

Albert,  A.  L.  Electrons  and  Electron  Devices .  The  Macmillan  Co. 

Beck,  A.  H.  W.  Thermionic  Valves .  Cambridge  University  Press 
Chute,  G.  M.  Electronics  in  Industry,  McGraw-Hill  Book  Co.,  Inc. 

Dome,  R.  B.  Television  Principles.  McGraw-Hill  Book  Co.,  Inc. 

Dow,  W.  G.  Fundamentals  of  Engineering  Electronics .  John  Wiley  and  Sons,  Inc. 
Eastman,  A.  V.  Fundamentals  of  Vacuum  Tubes,  McGraw-Hill  Book  Co.,  Inc. 
Edson,  W.  A.  Vacuum  Tube  Oscillators .  John  Wiley  and  Sons,  Inc. 

Fink,  D.  G.  Television  Engineering.  McGraw-Hill  Book  Co.,  Inc. 

Ghirardi,  A.  A.  Radio  and  Television  Receiver  Circuitry  and  Operation.  Rinehart 
and  Co.,  Inc. 

Gray,  T.  S.  Applied  Electronics.  John  Wiley  and  Sons,  Inc. 

Grob,  B.  Basic  Television .  McGraw-Hill  Book  Co.,  Inc. 

Henney,  Keith.  Radio  Engineering  Handbook.  McGraw-Hill  Book  Co.,  Inc. 
Hoag,  J.  B.  Basic  Radio .  D.  Van  Nostrand  Co.,  Inc. 

Roller,  L.  R.  Physics  of  Electron  Tubes.  McGraw-Hill  Book  Co.,  Inc. 

Maedel,  G.  F.  Basic  Mathematics  for  Television  and  Radio .  Prentice-Hall,  Inc. 
Marcus,  A.  Elements  of  Radio.  Prentice-Hall,  Inc. 

Markus  and  Zeluff.  Handbook  of  Industrial  Electronic  Circuits.  McGraw-Hill 
Book  Co.,  Inc. 

Millman  and  Seely.  Electronics .  McGraw-Hill  Book  Co.,  Inc. 

Moyer  and  Wostrel.  Radio  Receiving  and  Television  Tubes.  McGraw-Hill  Book 
Co.,  Inc. 

Pender,  Delmar,  and  McIlwain.  Handbook  for  Electrical  Engineers — Communi¬ 
cations  and  Electronics.  John  Wiley  and  Sons,  Inc. 

Preisman,  A.  Graphical  Constructions  for  Vacuum  Tube  Circuits.  McGraw-Hill 
Book  Co.,  Inc. 

Hickey,  H.  V.,  and  Villines,  Jr.,  W.  M.  Elements  of  Electronics.  McGraw-Hill 
Book  Co.,  Inc. 

RCA  Technical  Book  Series.  Electron  Tubes ,  Vol.  I  and  Vol.  H.  RCA  Review. 
Reich,  H.  I.  Theory  and  Applications  of  Electron  Tubes.  McGraw-Hill  Book 
Co.,  Inc. 

Richter,  Walther.  Fundamentals  of  Industrial  Electronic  Ciruits.  Mc-Graw-Hill 
Book  Co.,  Inc. 

Seely,  S.  Electron  Tube  Circuits.  McGraw-Hill  Book  Co,,  Inc. 

Spangenberg,  K.  R.  Vacuum  Tubes.  McGraw-Hill  Book  Co.,  Inc. 

Sturley,  K.  R.  Radio  Receiver  Design.  Chapman  and  Hall,  Ltd. 

Ter  man,  F.  E.  Fundamentals  of  Radio.  McGraw-Hill  Book  Co.,  Inc. 

Terman,  F.  E.  Radio  Engineers  Handbook.  McGraw-Hill  Book  Co.,  Inc. 

The  Radio  Amateurs  Handbook.  American  Radio  Relay  League. 

Zworykin  and  Morton.  Television:  The  Electronics  of  Image  Transmission.  John 
Wiley  and  Sons,  Inc. 


KEY:  BASING  DIAGRAMS  (Bottom  Views) 


•  Gas-Type  Tube 
BC  Base  Sleeve 
BS  Base  Shell 
G  External  Con¬ 
ductive  Coating 
CL  Collector 
DJ  Deflecting  Elec¬ 
trode 

ES  External  Shield 
F  Filament 
F-f-  Filament 

(positive  only) 


F- 

Filament 

(negative  only) 

Fm 

Filament  Tap 

G 

Grid 

H 

Heater 

Hu 

Heater  Tap  for 

Panel  Lamp 

Hm 

Heater  Tap 

IC 

Do  Not  Use 

IS 

Internal  Shield 

K 

Cathode 

LC  Do  Not  Use, 
Except  As 
Specified  in 
Data 

NC  No  Internal 

Connection — 
May  Be  Used 
As  Tie  Point 
P  Plate  (Anode) 
RCJ  Ray-Control 
Electrode 
S  Shell 

TA  Fluorescent  Target 


Subscripts  for  multi-unit  types:  B,  beam  power  unit;  D,  diode  unit;  HP,  heptode  unit;  HX, 
hexode  unit;  P,  pentode  unit;  T,  tnode  unit;  TR,  tetrode  unit. 


.Many  tube  types  are  available  in  addition  to  the  home-entertainment  types 
described  in  this  manual.  For  industrial  and  specialized  applications,  other 
small  receiving-type  tubes  are  available,  such  as  nuvistor  tubes,  “premium” 
tubes,  thyratrons,  cold-cathode  (glow-discharge)  tubes,  computer  tubes,  tubes 
for  mobile  communications  application,  and  Special  Red  tubes.  Other  lines 
of  RCA  electron  devices  include: 


POWER  TUBES 

Transmitting  and 
Industrial  Types 

TELEVISION  CAMERA  TUBES 

Image  Orthicons, 

V id  icons,  and 
Monoscopes 

PHOTOTUBES 

Single-Unit ,  Twin-Unit, 
and  Multiplier  Types 

PHOTOCELLS 

Photoconductive  and 
Photojunction  Types 

INTEGRATED  CIRCUITS 

Digital  and  Linear  Types 


MICROWAVE  TUBES 

Magnetrons ,  Traveling-Wave 
Tubes,  Pencil  Tubes 
CATHODE-RAY  TUBES 
Special-Purpose  Kinescopes, 
Storage  Tubes,  and 
Oscillograph  Types 
SPECIAL  TYPES 
Vacuum  Gauge  Tubes, 

Image  Converters 
SEMICONDUCTOR  DEVICES 
Germanium  and  Silicon 
Transistors,  Silicon  Rectifiers 
Tunnel  Diodes, 

Silicon  Controlled  Rectifiers, 
Memory  Devices 

THYRATRONS  and  IGNITRONS 


RADIO  CORPORATION  OF  AMERICA 

Electronic  Components  and  Devices  Harrison,  N.  J. 


RCA  RECEIVING  TUBE  MANUAL 


